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HISTORY OF CANADIAN SURGERY
MANITOBA ANATOMISTS4
ROSS M ITCHELL, M.D., L L .D .,f W innipeg, Man.
T h e history of anatomy in Manitoba falls
into several natural periods. First came the
period of practitioner-anatomists, Blanchard
to England (1883-1909). This period was
characterized by dissecting and sound
teaching of gross anatomy with emphasis
on clinical applications. Then came the first
full-time anatomists, Evatt to Inkster (19091936). These men established anatomy as a
science in Manitoba, built up the anatomical
museum, carried out anthropometric studies
of Indians, and produced publications that
made a reputation for the Department.
They were all enthusiastic and effective
teachers. Finally (as far as this review is
concerned) came the long incumbency of
Professor I. M. Thompson (1937-1965).
This period was characterized by co
ordination of all aspects of anatomy into
a single course taught by a team of experts.
Microscopic research was developed to its
present high level by Dr. D. J. Bowie
(autoradiography), Dr. F. D. Bertalanffy
(mitosis and cancer), and Dr. K. L. Moore
(cytogenetics and teratology).

T he M a n ito b a M e d ica l C ollege

After a stormy entry, Manitoba became
a province in 1870, the first child of Con
federation. By 1877, it possessed both a
College of Physicians and Surgeons and a
university. The university was formed by
an agreement between three denomina
tional colleges, St. Boniface, St. John’s, and
Manitoba. It was fashioned after the Uni
versity of London, England which at that
“A chance remark to Dr. Keith L, Moore, the
present Professor of Anatomy at the University of
Manitoba, led to his suggestion that some ac
count of- anatomy in Manitoba should be given by
a graduate of the Manitoba Medical College who
had personally known all the professors of ana
tomy in this province. Because an account
of the present Department of Anatomy and its
staff was published recently,1 this paper will deal
with the Department from its beginning to the
retirement of Professor I. M. Thompson in 1965.
tReprint address: 514 Winnipeg Clinic, St. Mary
and Vaughan Streets, Winnipeg 1, Man.

time possessed only examining and degreeconferring powers.
The construction of the Canadian Pacific
Railway and the promise of free homesteads
brought a flood of settlers into Manitoba,
the gateway to the last great west. In the
early 80’s, Winnipeg had attracted a group
of remarkably able medical men: Kerr,
Blanchard, Good, Ferguson, Chown, Brett
and Jones. After the decision had been
made to take the railway across the Red
River at Winnipeg, rather than at Selkirk as
had been projected, a spirit of optimism
led to a boom and land values soared.
About this time a young doctor with high
professional qualifications arrived from the
east and declared his intention of starting a
proprietary medical school. Some Winnipeg
doctors joined him, but the great majority
opposed the proprietary scheme, and chose
as their leader Dr. James Kerr, a graduate
of Queen’s University. Belfast, Ireland. Dr.
Kerr had practised for five years at the
Londonderry Iron Mines, Nova Scotia, and
was a friend of Alexander Graham Bell,
William Osier, and Francis Shepherd. The
Winnipeg doctors supporting Dr. Kerr de
cided to apply to the Manitoba govern
ment for a charter for a medical school.2
Dr. Kerr laid down two guiding rules: (1 )
that it must be governed by the established
practitioners and (2 ) that it must be affi
liated with the University of Manitoba.
Many of the doctors imagined that the
charter would lie dormant until a more
/opportune time, but they reckoned without
the medical students who were taking their
courses elsewhere and who twice appeared
before the doctors to point out the hard
ships and expense consequent upon at
tending eastern universities. The 13 in
corporators gave way and the Manitoba
Medical College was formally inaugurated
with a lecture by the new Dean, Dr. James
Kerr, who was only 35 years old at the
time. The lecture was given in the Edu
cation Offices in a building at the corner of
Main and Portage Avenue on the evening
of November 15, 1883.
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Fig- 1.—The cottage on Isabel Street, Winnipeg where the first anatomy lecture was given
on November 21, 1883.

The first anatomy lecture was given to
nine students at 8:00 a.m. on November 21,
1883, in a cottage on Isabel Street (Fig. 1).
The first dissections were also done in this
cottage. During the first year, classes in
other subjects were held in the Central
School on William Avenue and in an ad
joining church. Later they were held in the

first Medical College, a stone and brick
building that stood at the corner of Kate
Street and McDermot Avenue (Fig. 2).
This first Medical College building was
opened in 1884 with funds raised by the
faculty. The greater part of the second
floor was occupied by the dissecting room
lighted by a skylight during the day and
at night by gas. The building was con
siderably enlarged 10 years later (Fig. 3).
About 1901, a separate building for the
teaching of histology by Dr. Gordon Bell
was erected on the property. These build
ings served as the Manitoba Medical Col
lege until a new building was erected in
1905 on the present site west of the Win
nipeg General Hospital.
In 1904, when the Faculty of Medicine
was deliberating on sites for a new build
ing, Dr. W. S. England, the Professor of
Anatomy, informed his colleagues that he
had an option on a block of land im
mediately west of the General Hospital and
offered it at the same figure to the Medical
College. The offer was gladly accepted.3
The first section of the new building was
opened in January 1906 (Fig. 4). The
anatomy department occupied the second
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Fig. 3.—The Medical College building in 1894.

floor. The dissecting room could accom
modate about 30 students. The building
contained two amphitheatres between the
first and second floors. The larger was for
general use; the smaller, which resembled
the anatomy theatre at Padua in William
Harvey’s day, was used for anatomy.
In 1911 a second section of the Medical

College was built (Fig. 5 ). This large ad
dition to the rear of the original building
almost doubled the teaching space in the
Department of Anatomy. Most of the new
space was used for a larger dissecting room
and museum. The old dissecting room was
converted into offices and technical labora
tories and the anatomy theatre disappeared.

Fig. 4.—The new Medical College building completed in 1905 and opened in January 1906. The
anatomy department occupied the second floor.
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Fig. 5.—The Medical College as it appeared in 1911. In that year a second section was built
on to the rear of the original building greatly extending the teaching space in the Department of
Anatomy.

In 1913 a small addition was made whereby
the new space on the second floor became
the Professor’s office. (This room is now
the I. Maclaren Thompson Reference
Library.)

With the session of 1918-1919, the
Manitoba Medical College ceased to exist
as a separate institution. It made a gift of
all its property and equipment to the Uni
versity of Manitoba “on the condition that

Fig. 6.—The present medical school as it appeared in 1922. Since then two new wings have
been built. The anatomy department now occupies most of the building as it appeared in 1911 (Fig. 5).
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the University establish a Faculty of Medi
cine and carry on the work of medical edu
cation in an efficient manner”. The present
medical school as it appeared in 1922 is
shown in Fig. 6.
Fortunately, anatomical material could
always be obtained legally in Manitoba,
legislation having been passed before the
opening of the Medical College in 1883.
The first definitive “Act Respecting the
Study of Anatomy” was passed in 1899 and
improvements were made in the Act in
1902, 1903, 1913, 1937, 1947, 1954 and
1959. Under the terms of the Manitoba
Anatomy Act of 1947, persons may volun
tarily arrange for their bodies to go to the
Department of Anatomy. The Act also pro
vides for the burial of the remains in a
cemetery with a committal service by a
clergyman of the denomination of the de
ceased. These services are attended by
relatives, staff and students. This Act has
worked satisfactorily for over 20 years. The
names of all such benefactors are recorded
in a Book of Remembrance on view in the
Medical Library. This arrangement has de
veloped a good relationship between the
University and the public. Professor I. M.
Thompson was influential in planning and
carrying through the provisions of the
present Anatomy Act.4
T h e M a n ito ba A n a to m ists

R. J. Blanchard
The first members of the faculty of the
Medical College were general practitioners.
In the Winnipeg General and St. Boniface
Hospitals there was no division of patients
as medical or surgical, although Dr. Kerr
urged the Board of the Winnipeg General
Hospital to separate the patients on admis
sion. The greatest kudos came to the chief
surgeon and in those days the professorship
of anatomy was a natural stepping stone to
that coveted position. Dr. James Kerr, who
had been well trained in Listerian prin
ciples by Sir William MacCormac at
Queen’s University, Belfast and who was a
natural leader, was appointed Professor of
Surgery and Dr. Robert Johnstone Blanch
ard (Fig. 7) became Professor of Anatomy.
Born in Truro, Nova Scotia, Dr. Blanchard
had studied anatomy under Sir William
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Fig. 7.—Dr. R. J. Blanchard.

Turner in Edinburgh University and in his
final year, 1877, served as dresser under
Joseph Lister. Returning to Canada, Blanch
ard had become surgeon for the Canadian
Pacific Railway at Rat Portage ( now
Kenora), Manitoba but had moved to Win
nipeg in 1881 when the railway was
completed to that point.’’
In 1887, after teaching anatomy for four
years, R. J. Blanchard was appointed
surgeon to the Winnipeg General Hospital
when Dr. Kerr moved to Washington, D.C.
In 1909 Blanchard was elected President of
The Canadian Medical Association. When
the First World War broke out he served
in France as Commanding Officer of No. 3
Canadian Casualty Clearing Station. It was
to this unit that Lieutenant Revere Osier,
only son of Sir William Osier, was brought
when fatally wounded on August 27, 1917.
In 1921 Blanchard received an LL.D . de
gree from the University of Manitoba.
II. II. Chown
In 1887, Dr. R. J. Blanchard was suc
ceeded as Professor of Anatomy by Dr.
Henry Havelock Chown (Fig. 8) who, al
though coming to Winnipeg in 1881, was
not one of the 13 original incorporators of
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Fig. 9.—Dr. E. J. R. Evatt.
F ig. 8.—Dr. H. H. Cbown.

W. Stephen England

the Medical College because he considered
the project premature.1' A member of the
prominent Chown family of Kingston, he
graduated from Queen’s University there
and, after practising in Winnipeg, spent a
year at the London Hospital under Ur.
Andrew Clark and Sir Frederick Treves.
On his return to Winnipeg he taught
anatomy for a year, then became Professor
of Surgery. After James Wilford Good had
gone to the Klondike in 1899, Chown be
came the Dean of the Medical College. He
was an excellent surgeon and when The
Canadian Medical Association met at Win
nipeg in 1902 under his presidency, he re
moved a hydatid cyst from an Icelandic
patient before a select group. During his
19 years as Dean, he set the College firmly
on its feet and when he retired auto
matically on becoming a member of the
first University Board of Governors in 1917
he handed over the Medical College to the
University free of debt. The Chown Build
ing of the Faculty of Medicine was recently
named in his honour.
Between Dr. Chown and Dr. W. S.
England, the Department of Anatomy was
managed by a series of part-time professors.

Dr. W. S. England, a McGill graduate,
was Professor of Anatomy from 1905 to
1906 and then became a professor of
surgery. He had obtained a thorough
knowledge of anatomy at McGill Univer
sity, Montreal under Dr. Francis J. Shep
herd, and was an inspiring teacher. He
introduced cross-section anatomy and was
interested in anatomy in art. A daring
surgeon, he successfully removed a
superior maxilla for cancer.
E. J. R. Evatt

Upon the death of Dr. England in 1909,
the first full-time professorship of anatomy
was established and the first such appointee
was Dr. E. J. R. Evatt (Fig. 9). Up to that
time, members of the Faculty of Medicine
had received no remuneration for teaching
other than prestige. It will be understood
that, before 1909, no Professor of Anatomy
in the Manitoba Medical College (as in
many others of that period) was a profes
sional anatomist. Dr. Evatt was not only
the first full-time Professor of Anatomy, he
was the first trained anatomist. In 1904 the
University of Manitoba became a teaching
body in science. It appointed Professors
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Reginald Buller in botany, Swale Vincent
in physiology, Frank Allen in physics,
Matthew Parker in chemistry, Gordon Bell
in bacteriology, and R. R. Cochrane in
mathematics. The science professors taught
premedical as well as science students. This
move of the University undoubtedly stimu
lated the medical faculty to make its first
full-time appointment.
Evatt began his medical studies in
Dublin at the Royal College of Surgeons in
Ireland. From there he went to Durham,
England where he qualified in 1900. Sub
sequently, he studied under F. Keibel in
Freiburg, Germany and later was appointed
Lecturer at Cardiff University, Wales.
During his four years in Manitoba he
proved to be an inspiring teacher showing
particular interest in surface anatomy and
in developing an embryological museum.
With Dr. J. E. Lehmann of Winnipeg, he
devised a new surgical technique for re
peated luxation of the humerus.
Dr. Evatt returned to Dublin in 1913 as
Professor of Anatomy at the Royal College
of Surgeons in Ireland. During the First
World War he commanded the Welsh Field
Ambulance which landed at Suvla in Gal
lipoli in 1915. He was mentioned in dis
patches six times, received the D.S.O. and
rose to be Deputy Director, Medical
Services of the 20th Army Corps under
Allenby in Egypt and Palestine. Following
the war he returned to his post at Dublin
which he held until his retirement in 1947.
Following his death in 1951, Dr. A. K.
Henry, a former pupil in Dublin, wrote an
admirable tribute to him.7
Alexander Gibson
Dr. Evatt was succeeded hy Alexander
Gibson (Fig. 10) who arrived in Winnipeg
in December 1913.8 At the University of
Edinburgh he was a brilliant undergraduate
and was awarded the Ettles Scholarship as
the most distinguished student of his
graduating year. He was instrumental in
bringing to Manitoba Dr. William Boyd,
who distinguished himself during his Win
nipeg tenure as Professor of Pathology, and
Dr. J. C. Boileau Grant who succeeded
Gibson as Professor of Anatomy.
Dr. Gibson’s term of office began just
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Fig. 10.—Dr. Alexander Gibson.

before the First World War. He was the
first Professor of Anatomy in the newly
created Faculty of Medicine at the Uni
versity of Manitoba. On the outbreak of
hostilities he volunteered for service in the
Royal Army Medical Corps. On the way to
Egypt his troopship was torpedoed in the
Adriatic Sea but he was rescued.
On his return to Winnipeg he resumed
his teaching but in 1919 resigned to practise
as an orthopedic surgeon. He devised a
posterolateral approach to the hip joint
which has been widely used. He maintained
a lively interest in the Department and, in
1924, he was appointed Lecturer in Applied
Anatomy, an appointment that he held
until 1939. He was a moving spirit in the
Scientific Club of Winnipeg. In 1953 he was
made a Senior Member of The Canadian
Medical Association and in the next year
he was Lecturer in Surgery for the Royal
College of Physicians and Surgeons of
Canada. Almost to the day of his death in
1956, he acted as Orthopedic Consultant
to the Assiniboine Hospital at Brandon,
which was operated by the Manitoba Sana
torium Board. He was especially interested
in congenital dislocation of the hip in In
dian patients. In 1961 an annual Memorial
Lecture was established in his honour; the
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Fig. 11.—Dr. J. C. Boileau Grant.

first lecturer was Sir William Mercer,
Emeritus Professor of Orthopedic Surgery,
University of Edinburgh.®
/. C. Boileau Grant
Dr. J. C. Boileau Grant (Fig. 11) suc
ceeded Dr. Gibson in 1919 and served until
1930 when he became Professor of Anatomy
in the University of Toronto. He had re
ceived his training at Edinburgh (M.B.,
Ch.B., F .R .C .S.(E d in.)) and in the First
World War won the Military Cross. With
the coming of Grant, the teaching of histo
logy was transferred to Anatomy from the
Department of Pathology. The first practical
course in histology was given in the new
laboratory. During the period of transition,
Dr. William Boyd, Professor of Pathology,
assisted with the course.
Before coming to Winnipeg, Dr. Grant
published a study of synovial cavities and
membranes. While in Winnipeg he made an
anthropometric study of the Cree and
Saulteaux (Ojibwa) Indians inhabiting the
territory between James Bay and Norway
House at the end of Lake Winnipeg, and
Chipewyan and Cree Indians in the neigh
bourhood of Lake Athabaska. He also con
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Fig. 12.—Dr. R. G. Inkster.

tributed some notes on an Eskimo skeleton.
During his years in Toronto, he produced
three books which have enjoyed wide and
continuing popularity: “A Method of
Anatomy” (1937), “Handbook for Dissec
tors” (with H. A. Cates) (1940) and “Atlas
of Anatomy by Regions” (1943). Each of
these has passed through several editions.
He also revised the section on the respira
tory system in the eighth edition of Cun
ningham’s “Text-Book of Anatomy” (1943)
and (with C. G. Smith) the section on the
musculature in the eleventh edition of
Morris’ “Human Anatomy” (1953).
Dr. Grant was an enthusiastic teacher of
gross anatomy and is still remembered by
his former students in Winnipeg with
respect and affection. Some features of his
teaching are reflected in his paper, “On the
Appreciation of Anatomical Relation
ships”,10 and in his book, “A Method of
Anatomy”.
R obert Gaskin Inkster
Edinburgh again produced a Professor
and Head of the Department in Robert
Gaskin Inkster, M.B., Ch.B. (1922), M.D.
(Gold Medal, 1927) (Fig. 12). He demon
strated anatomy at Edinburgh and Leeds
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Fig. 13.—Dr. I. M. Thompson.

then became Lecturer before coming to
Manitoba in 1931. Like Dr. Grant he be
came interested in the anthropology of the
North American Indian. In 1936 he ac
cepted the position of University Anatomist
at Trinity College, Dublin. He revised the
chapter on osteology in the ninth edition of
Cunningham’s “Text-Book of Anatomy”.
Later he returned to Edinburgh and rose to
the rank of Reader in Anatomy.
Ian M aclaren Thom pson
Dr. I. M. Thompson (Fig. 13) enjoyed
the longest period of service as Professor
of Anatomy in Manitoba (1937-1965).
Born in Newfoundland, he received his
science and medical training at Edinburgh
University, graduating B.Sc. in 1919 and
M.B., Ch.B. in 1920. For his B.Sc. his major
subject was “Anatomy including Physical
Anthropology”. He was awarded the Baxter
Scholarship in Natural Science. Before
graduating he enlisted in the Royal Naval
Volunteer Reserve as surgeon probationer.
He was wounded in the sinking of H.M.S.
Strongbow, and was mentioned in dis
patches for his service in the first defence
of a British convoy.
Before graduating in medicine he served
as student demonstrator in zoology and
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anatomy. In 1920 he accepted a lecture
ship at McGill University, where he rose
to Assistant Professor. In 1927 he went as
Associate Professor to the University of
California, Berkeley, where he rose to Pro
fessor by 1932. In 1930 he was appointed
Chairman of the Division of Anatomy. In
1937 he was appointed Professor and Head
of the Department of Anatomy of the Uni
versity of Manitoba, a post he held until
1965.'
Dr. Thompson greatly changed the teach
ing of anatomy at the University of
Manitoba.11 The usually unrelated courses
in gross anatomy, histology, embryology
and neuroanatomy were replaced by a
single co-ordinated course in anatomy, in
which the various aspects of the subject,
taught by experts, were synchronized and
correlated. He developed the teaching of
x-ray anatomy, and especially the laboratory
study of the normal living human body.
Anatomical clinics were inaugurated by
Professor Thompson. In these clinics, small
groups of anatomy students were taken in
to the hospital where they were shown, and
discussed, diseased and injured people
from an anatomical point of view. His
anatomical clinics12 carried the ana
tomical study of the living body from the
normal to the abnormal, thereby training
students to mobilize their anatomical
knowledge and apply it to clinicopathological problems. Lectures in medical bio
metry, a technique that he used in much
of his research, gave students some insight
into the processes of assessing numerical
medical data.
His publications exceed 80 in number. He
was assistant author of “Students’ Guide to
Operative Surgery” by A. T. Bazin, Mont
real 1923; author of “Elements of Surface
Anatomy for Students of Medicine”, Edin
burgh 1925; “Notes on the Living Human
Body”, three volumes, Winnipeg 1953; and
“Notes on Human Osteology”, two volumes,
Winnipeg 1953. He also wrote the chapter
“The Anatomy of the Abdomen” in Vol. 1
of the “Practitioners’ Library of Medicine
and Surgery” edited by G. Blumer, New
York 1932.
Dr. Thompson’s researches on the
nervous system include: evolution, develop
ment and anomalies of the septum pel-
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lucidum; an electric method of mapping
certain cutaneous nerve areas; the varia
bility of the cutaneous nerves of the fore
arm and hand and of their overlapping,
including the discovery that, whereas the
total areas vary according to the normal
probability curve, it is the logarithms of
the overlaps that follow this type of curve;
the application of this knowledge in con
nection with peripheral nerve lesions; the
effect of local ischemia upon human nerve
fibres; the electric masking of sensations
and the experimental demonstration that
this occurs in the brain; the anatomical
basis of the body image and of the localiza
tion of sensations; and an experimental
anatomical research on the feeling of pres
sure, concluding that this is an integrated
concept rather than a primary sensation.
His other researches include a widely
quoted monograph on variations of the bile
ducts and of the hepatic and cystic arteries.
He has published numerous lectures and
addresses on a variety of scholarly subjects,
including medical history and biography,
the teaching of anatomy, the philosophy of
science and medicine, and even Gilbert
and Sullivan. His researches gained him
election as a Fellow of the Royal Society of
Canada (1947) and as Fellow of the Royal
Society of Edinburgh (1952).
His distinctions include the following:
former President of the Canadian Asso
ciation of Anatomists, the Manitoba MedicoLegal Society, and the Manitoba Museum
Association; former Chairman of the Roard
of the Canadian Federation of Riological
Societies; former member of the Council of
the American Association of Anatomists,
and of the Council of the Anatomical So
ciety of Great Rritain and Ireland; Honor
ary President of the Manitoba Medical
Students’ Association (1942-1943), Life
Member of the Winnipeg Medical Society,
the Manitoba Museum of Man and Nature,
and the Scientific Club of Winnipeg;
honorary member of the Omicron Kappa
Upsilon (Dental Honor Society).
The high regard of the anatomy staff for
him was symbolized by the dedication of
the Department Library as the I. Maclaren
Thompson Reference Library.
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Fig. 14.—Dr. Keith L. Moore.

F. D. Bertalanffy and Keith L. Moore
Dr. F. D. Bertalanffy and Dr. K. L.
Moore (Fig. 14) came to Manitoba as
Assistant Professors in 1955 and 1956
respectively, both full-time. Distinguished
microanatomists, they have contributed
notably to the reputation of the Depart
ment in this field. Dr. Moore succeeded Dr.
Thompson as Head of the Department in
1965. This year he is President of the Cana
dian Association of Anatomists, having
been Secretary for several years.
An account of the careers and researches
of these two scientists, together with a
description of the present staff and work
of the Department, was recently published
elsewhere.1
Other Full-Time Anatomists
Several anatomists served the Depart
ment full-time for various periods. These
were Dr. R. T. McGibbon, Dr. Tudor
Jones, Dr. G. I. Boyd, Dr. J. L. Jackson,
Dr. D. Mainland, Dr. I. W. Monie and Dr.
A. H. Sinclair-Hall. Drs. McGibbon, Jackson, Mainland and Monie became heads of
anatomy departments elsewhere.
Other full-time assistants to Dr. Thomp-
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son and still with the Department are:
Dr. K. P. Nagy, Dr. R. G. La Fleche, Dr.
Ruth Grahame and Miss J. C. Hay.
D. ]. Bowie
Dr. D. J. Bowie came to Manitoba in
1937 as Assistant Professor; he was the
first full-time trained histologist in the De
partment. A graduate of the University of
Toronto (B.Sc.(M ed.), M.A., Ph.D.), he
took his doctorate in physiology under Pro
fessor J. J. R. Macleod, investigating the
islets of Langerhans. While a lecturer at
McGill he developed a method of staining
the pepsinogen granules in gastric glands.
Upon hearing that Dr. Bowie was being
considered for appointment at the Univer
sity of Manitoba, Sir Frederick Banting
wrote recommending him; however, the de
cision had been made before Banting’s
letter arrived.
In Manitoba Dr. Bowie was promoted
to Associate Professor in charge of the
teaching of histology; he planned the
present Students’ Histology Laboratory. He
continued his research on pepsin-forming
cells and did notable work in autoradio
graphy, being the first member of the
Manitoba faculty to employ radioactive
substances in biological research.
Dr. Bowie retired in 1956, but continued
his research, and in 1960 published an im
portant paper on gallocyanin as a nuclear
stain in connection with autoradiography.
The high regard of the anatomy staff for
him was symbolized recently by dedicating
the Tracer Laboratory planned for the new
Basic Sciences Building as the Donald
Bowie Tracer Laboratory.
L. A. Sigurdson
Dr. L. A. Sigurdson, a native of Mani
toba, graduated M.D. (Man.). After a year
as Instructor in Anatomy at Stanford Uni
versity, California, he was awarded an
M.A. for research on synovial membranes.
He was appointed Demonstrator in Ana
tomy in Manitoba in 1932, subsequently
rising to the rank of Associate Professor.
During the interregnum between Dr.
Inkster’s departure and Dr. Thompson’s ar
rival, he was Acting Head of the Depart
ment. He retired in 1965 after 33 years of
service.
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Although technically a part-time teacher
(by his own desire), he was one of the
pillars of the Department, his opinion as a
general practitioner greatly influencing
teaching policies. He was joint author, with
Dr. Monie, of a paper on uterine and
vaginal anomalies.
D isc u ssio n

How far Manitoba has progressed in
medicine may be seen in the contrast be
tween the situation in November 1883
and that of September 1967. The former
marked the first lecture in anatomy given
in makeshift quarters to nine students, the
latter was the date of the three-day sym
posium held in the beautiful auditorium of
the library building of the Medical College
in memory of a beloved professor of physio
logy, the late Dr. “Joe” Doupe. The theme
of the symposium was “The Relationship
betweeen Basic Science and Clinical
Medicine”. Although the program was
graced by the addresses of Dr. William
Boyd, who made his name through his text
books on pathology while Professor in
Manitoba from 1916 to 1937, and of Dr.
A. C. Burton, Department of Biophysics,
University of Western Ontario, these two
were quite outnumbered by the young men
who had studied under Dr. Doupe and
now, 10 to 15 years after graduating, hold
high positions in Canadian and American
universities and who presented some 20
papers on highly scientific problems.
R e t r o sp e c t

These teachers of anatomy have taught
not only the dry bones, but have striven
to make the dry bones live. They have
followed the philosophy of William Harvey:
“not from books, not from the tenets of
philosophy, hut from the structures of
nature do I profess to learn to teach and to
teach anatomy”. They have taught anatomy
not merely as a preface to surgery, but as
an integrated science basic to a proper
understanding of all medicine. With this
they have manifested a proper reverence
for the human body. Their attitude has
been that of Hamlet, “What a piece of work
is a man! how noble in reason! how in
finite in faculty! in form and moving how
express and admirable!”
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The writer wishes to express his indebtedness to
Professor Emeritus I. Maclaren Thompson for re
viewing this paper and to Professor Keith L.
Moore for his assistance in its preparation. He is
also grateful to Miss Wilma Service and Mr. Mel
Stover, senior members of the Department of
Anatomy, who contributed valuable information
and pictures.
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TH ORACIC AND ABDOMINAL
ANEURYSMS
For no obvious reason aneurysms of the
abdominal aorta far exceed in number those
of the thoracic aorta. In 1956, while using
homologous vascular grafts as aortic replace
ments, we found that, shortly after the im
plantation of one of these aortas, secondary
saccular aneurysmal formations occurred. This
problem eventually became so common and
recurrent that we decided to investigate the
reason for the failure of these homologous
vascular grafts. Since it was our belief that
this was basically an anatomic problem, we
began to study the blood supply of the aorta,
although we knew that all major vessels, like
any other internal organ, have a definite blood
supply and that the supply for the aorta was
from the vasa and vena vasora. The vasa
vasora arise from the branches of major
arteries or neighbouring vessels at considerable
distance from the point at which they are
distributed. They ramify in the loose areolar
tissue connecting the artery with its sheath and
are distributed to the external coat but do not
penetrate the other coats. These vasa vasora
are accompanied by the vena vasora which
leave the host vessel and empty into some
associated regional venous structures. Vena
vasora, as a rule, run perpendicular to the
long axis of the host vessel. Our investigation,
at this time, demonstrated that the vasa vasora
arose from an intercostal or a lumbar artery
or another major branch of the aorta. Where
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the intercostal artery, lumbar artery, or major
arterial branch left the aorta, a fibrous ring
was noted at the point of exit and, at this
point of exit of the intercostal artery, lumbar
artery, or any one of the major arteries, small
vasa vasora branched off just at the juncture
of the wall of the aorta and returned to supply
this vessel. The reason for the failure of our
original work was that the branches of the
aorta were tied off very close to the host
vessel so as not to allow for a lake of stagnant
blood with associated emboli.
Our present investigation concerns the
reason for the higher incidence of abdominal
aortic aneurysms as related to aortic aneurysms
in the thoracic cavity. Insofar as the aorta
in the thoracic cage gives rise to a greater
number of branches, many more than does the
abdominal aorta, the thoracic aorta has many
more vasa vasora. The incidence of abdominal
aortic aneurysms must, therefore, be greater
because occlusion of any one of these small
vasa vasora will negate the blood supply to a
considerable portion of the aorta. In the
thoracic area, however, if one small vasae
vasorum is occluded at one of the intercostal
arteries, that of the opposite side would still
supply the area. In addition, immediately
adjacent intercostal arteries, superiorly and inferiorly, contribute to the supply of the area
of the occluded intercostal.—Benjamin, H. B.
and Becker, A. B.: Etiologic incidence of thor
acic and abdominal aneurysms, Snrg. Gynec.
O bstet., 125: 1.307, 1967. '
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STRICTURES OF THE COMMON BILE DUCT: A REPORT OF
12 CASES*
A. D. McKENZIE, M .D., F.R.C.S.[C], F.A.C.S., Vancouver, B.C.
T his paper describes m y personal ex
perience with 12 patients suffering from a
stricture of the com m on bile duct. From
careful study o f these 12 patients, certain
lessons can b e drawn that may not be
found in reports o f large series, many of
which are statistical.1

(Roux Y) (Fig. 1). The patient has remained
well; in 1967, her serum bilirubin was 0.5
mg./lOO ml. and alkaline phosphatase was 20
KA units.
Case 2.— In 1961, A.D., a 78-year-old man,
had an attack of acute cholecystitis. After four

D

N O . 16 C A T H E TE R
Fig. 1.—Case 1. Common-duct injury incurred at cholecystectomy and relieved temporarily by
choledochoduodenostomy. Three years later,
a second
repair with
a Roux-Y
loop
of
adequate length minimized reflux and has kept the patient symptom-free for seven years. Four other
patients had similar duct reconstructions. (D—duodenum; S—stomach)
C ase R eports

Case 1.— Mrs. E.G., a 60-year-old woman,
had a cholecystectomy for calculous biliary
disease in 1957. Duct injury was recognized
postoperatively and biliary continuity restored
by a second surgeon who performed a
choledochoduodenostomy. For the next two
years she suffered from recurring chills and
jaundice. In 1960 she had a further “flare up”
(serum bilirubin 10 mg./lOO ml. and alkaline
phosphatase 167 King-Armstrong (KA) units)
and I undertook an operation. The previous
anastomosis had become strictured and it was
necessary to create a choledochojejunostomy

"From the Department of Surgery, Vancouver
General Hospital and the Faculty of Medicine,
University of British Columbia, Vancouver, B.C.

days an operation was performed. At this
time, despite a gangrenous gallbladder,
cholecystectomy was undertaken. Because the
patient soon became deeply jaundiced, the
surgeon operated again but was unable to
identify any of the biliary passages. Three
weeks later the patient was transferred to my
care at the Vancouver General Hospital. He
was desperately ill and his serum bilirubin
was 40 mg./lOO ml. After intensive pre
operative preparation, a third exploration re
vealed a high-level division and ligation of
the common hepatic duct. The lower ducts
could not be identified. Continuity was re
stored by hepaticojejunostomy (Roux Y). After
initial encouraging progress, his condition de
teriorated and he died 10 days after operation.
Autopsy revealed cholangitis, liver abscesses
and septicemia.
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C ase 3.— Mrs. R.B., a 64-year-old woman,
had biliary dysfunction that began when a
cholecystectomy was performed in 1951. The
operative report described troublesome bleed
ing. The postoperative course was marred by
fever and jaundice. Because jaundice recurred,
the original surgeon explored the patient
again, eight years later in 1959. At this opera
tion, a strictured bile duct was dilated and
there was temporary improvement. In 1961,
she was referred to me at the Vancouver
General Hospital for treatment of an intract
able ulcer. While in hospital she developed
cholangitis and went into septic shock. After
vigorous resuscitation she was operated upon.
A common-duct stricture was excised and a
duct-to-duct repair effected. She has remained
well for six years, to the present date.
C ase 4 .— Late in 1961, Mrs. A.W., a 32year-old woman, had a cholecystectomy for
calculous disease of the gallbladder. The
surgeon considered that the operation was
easy until he realized that, in error, he had
extensively mobilized the common bile duct
under the impression that it was the cystic
duct. Postoperatively, the patient developed a
biliary fistula, jaundice and pruritus. The
symptoms persisted and four months later the
patient was referred to me. In early 1962,
operation revealed a lengthy stricture of the
common bile duct. This was excised and a
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duct-to-duct repair fashioned (Fig. 2). To
carry this out, a very short stump of distal
duct had to be mobilized. Five years later
she remains well.
Case 5 .— In 1955 a cholecystectomy was
performed on R.W ., a 57-year-old man, at
another hospital. Postoperatively, he developed
jaundice and fever but six months passed
before another surgeon operated upon him for
biliary stricture. This surgeon only dilated the
high duct stricture that he found. He also
encountered brisk hemorrhage from the right
hepatic duct. For six more years, from 1956 to
1962, the patient suffered from intermittent
jaundice and chills. When I saw him in 1962
there was unmistakable evidence of biliary
cirrhosis, portal hypertension, and esophageal
varices (Fig. 3). At operation, my objective
was to relieve the biliary-tract obstruction,
which I hoped would reverse the biliary
cirrhosis. Relief of the obstruction proved to
be difficult— the left but not the right lobe
of the liver was enlarged and there was a
profusion of veins in the portal area. With the
aid of transhepatic and common-duct cholan
giography, two strictures were defined, one
in the common duct, the other in the left
hepatic duct. The small size of the right
hepatic lobe was attributed to an injury of
the right hepatic artery at the second opera
tion and I concentrated on providing good
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Fig. 3.—Case 5. The barium swallow demonstrates esophageal varices secondary
cirrhosis, which developed after six years o f unrelieved biliary-tract obstruction.

biliary drainage from the left lobe. A left
hepaticojejunostomy
(Longmire) was per
formed, and a sizable hepatic bile duct was
isolated and anastomosed to the jejunum. This
man’s initial progress was good but 16 days
after operation he suffered a fatal, massive
hemorrhage from the esophageal varices.
Autopsy showed that the left hepatic-duct
obstruction was due to stones rather than
stricture.
Case 6 .— In 1960, Mrs. E.C., a 69-year-old
woman, had a cholecystectomy at another
hospital. She developed jaundice and a biliary
fistula soon after. The original surgeon
operated again but could not identify any
extrahepatic ducts. He attempted to provide
biliary drainage by attaching the duodenum to
the portal region o f the liver. For three years
thereafter the patient had recurring jaundice.
In 1963, when she was admitted to the Van
couver General Hospital, I made the diagnosis
of duct stricture with associated biliary
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to biliary

cirrhosis (Fig. 4). This wom an’s spleen was
enlarged and her liver function impaired, e.g.
serum bilirubin was 8.7 m g./lO O ml., and
alkaline phosphatase 136 KA units. The brom sulphalein (BSP) test was done and showed
34% retention after 30 minutes. At operation,
transhepatic cholangiography outlined a highlevel stricture and the missing lower ducts. A
left
hepaticojejunostomy
(Longmire)
was
carried out (Fig. 5). Four years after operation
this woman is alive and well. She has good
liver function— serum bilirubin 1.1 m g./lO O
ml., alkaline phosphatase 10.7 KA units and
BSP 4% retention after 30 minutes.
Case 7.— In 1962 what was considered to
be an easy cholecystectomy was undertaken
on Mrs. M.H., a 31-year-old woman. Postoperatively, however, she becam e jaundiced
and a second surgeon attempted to repair a
duct stricture. This gave only temporary im
provement and, in 1964, the second surgeon
operated again and created a ch oledoch o-
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Fig. 4.—Case 6. Stricture at the carina three years after initial operation. This operative chothe^live3™ WaS ° ”^'ine< ^lrollSh a transhepatic needle and a catheter introduced into the left lobe of

jejunostomy using a jejunal loop with enteroenterostomy. Again the improvement was only
temporary and when I saw this young woman
in 1965 she was not only jaundiced (serum

Fig. 5.—Case 6. Duct continuity restored by the
Longmire procedure. This procedure was selected
because of the high level of the stricture and
biliary cirrhosis. The patient is well four years
later. The other patient so treated died of bleeding
varices. (LHD—left hepatic duct)

bilirubin 2.6 mg./lOO ml. and alkaline phos
phatase 90 KA units) but was also five months
pregnant. Cholangiography through a catheter
introduced up the jejunal loop revealed a highlevel stricture of the anastomosis. I widened
the carina of this anastomosis and created a
hepaticojejunostomy (Roux Y). Two years
later she remains well.

Case 8 .— Another apparently easy cholecy
stectomy was undertaken in 1965 on a slender
young patient, Mrs. M.M., aged 35. At opera
tion, the surgeon recognized that he had
damaged the common bile duct and carried
out an immediate repair, which was un
successful. During the postoperative period a
biliary fistula and jaundice developed. The
original surgeon operated again two months
later. He could not determine precisely what
damage had been done and merely sutured a
Roux-Y loop of jejunum to the area around the
bile leak. When referred to me in 1966, a
year later, she was deeply jaundiced (serum
bilirubin 9.4 mg./lOO ml. and alkaline phos
phatase 19 KA units). At operation, I excised
a short common-bile-duct stricture and did a
duct-to-duct repair. In 1967 she was well
(serum bilirubin 0.5 mg./lOO ml. and alkaline
phosphatase 4 KA units).
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Fig. 6.~Case 9. Operative cholangiogram three months after blunt abdominal trauma and
laparotomy. The gallbladder and hepatic ducts were filled but there was an abrupt cut-off of the
common bile duct. No lower ducts were identified radiographically or at operation and a Roux-Y re
construction was required.

Case 9.— Mrs. M.Y., a 34-year-old woman,
was the only patient who did not have cal
culous biliary-tract disease. In 1966 this
woman sustained blunt trauma to her abdo
men from a steering wheel. A laparotomy
done to evaluate the extent of intra-abdominal
injury was inconclusive. In the surgeon’s
opinion there was either blood or bile in the
retroperitoneal tissues near the duodenum.
He drained the area and closed the abdomen.
After operation she developed jaundice
(serum bilirubin 2.3 mg./lOO ml. and alkaline
phosphatase 27 KA units) which persisted. At
an operation three months later I found a
common-duct stricture. Definition of the
stricture was aided by an operative cholangio
gram obtained by introducing opaque fluid
into the intact gallbladder (Fig. 6). Neither
on the radiograph nor at exploration was there
any evidence of ducts below the stricture. A
eholedochojejunostomy (Roux Y) was per
formed rather than the simpler cholecystojejunostomy. I believe that more direct and
effective biliary drainage is obtained by
anastomosing the common bile duct, rather
than the gallbladder, to the jejunum— an im

portant long-term consideration in a young
patient.

Case 10 .— In 1966, J.H ., a 45-year-old man,
underwent a cholecystectomy at another hos
pital. The surgeon reported that, because of
local reaction and fibrosis, the operation was
difficult. The operative cholangiogram out
lined an intact, small, lower ductal system but
no upper ducts. He feared trouble and his
fears were realized when jaundice developed
after the operation and recurred sporadically
over the next eight months. The patient was
subsequently referred to me. I repaired a
common-duct stricture with some difficulty
because there was a marked discrepancy be
tween the large proximal common hepatic
and small distal common bile ducts. The im
mobility of the lower ducts added to the diffi
culty. This patient’s early postoperative course
was satisfactory but a cholangiogram done
three months later before removing the T tube
showed that the anastomosis had separated.
At a second operation I restored biliary con
tinuity using a Roux-Y eholedochojejunostomy.
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she was referred to me. I created a Roux-Y
hepaticojejunostomy and to date the results
have been good.
D isc u ssio n

Cause o f Strictures o f the
Common Bile Duct

Fig. 7.—Case 11. Operative cholangiogram
following removal of the gallbladder. Because the
hepatic ducts did not fill, duct injury was sus
pected, confirmed and promptly repaired. Similar
radiographs were obtained in Cases 10 and 12
but the duct injury was not confirmed and re
paired until much later.

C ase 11.— E.W ., aged 56, was undergoing
a technically difficult cholecystectomy when,
with the aid of an operative cholangiogram,
the surgeon recognized that he had divided
the common duct (Fig. 7 ). When opaque fluid
injected into a catheter, placed in what he
believed to be the cystic duct, outlined only
the lower ductal system, the surgeon realized
that the common duct had been injured. I
was called in and did a direct duct-to-duct
repair. The patient’s postoperative course was
smooth and, several months later, the patient
is well.
C ase 1 2 .— Early in 1967, Mrs. P.H., a 31year-old woman, had a cholecystectomy for
calculous disease. The procedure was difficult
because of anomalous ducts and vessels. As
in Cases 10 and 11, an operative cholangio
gram filled only the lower ductal system.
After operation, the patient became deeply
jaundiced. The surgeon operated again three
weeks later but succeeded only in draining the
dilated hepatic ducts. After another four
weeks, when she had a total biliary fistula,

In 11 of these 12 patients the stricture
was almost certainly due to trauma during
cholecystectomy. Impairment of the blood
supply to the duct and inflammation
secondary to a calculous gallbladder were
mentioned as possible, but not probable,
factors in one patient each. The last patient
(Case 9) had blunt trauma to the abdomen
that was followed by an inconclusive
laparotomy and subsequent stricture. The
exact mechanism underlying this stricture
is obscure but again operative trauma
seems to be the probable cause.
As in all similar series, the majority
of common-bile-duct strictures followed
operative trauma. Maingot2 has described
how this may occur and my experience
approximates his. The mechanism of such
injury in this series was as follows:
During cholecystectom y for acute chole
cystitis.—One patient (Case 2) was
operated upon because of a four-day his
tory of acute abdominal complaints. A
gangrenous gallbladder was found and a
cholecystectomy was performed. A cholecystostomy would undoubtedly have been
better in this instance. In acute cholecysti
tis, the gallbladder should be drained if
the additional dissection required for
cholecystectomy is likely to be hazardous.
W hen a cholecystectom y is considered
easy.—In 3 of the 10 patients (Cases 4, 7
and 8) who had elective gallbladder
operations, the procedures were considered
“easy” by the initial surgeon. At the operat
ing table in two and during the post
operative period in the third, the delusion
concerning “easy cholecystectomy” was
dispelled by evidence of duct injury.
Surgeons would be wise to stop thinking
about “easy gallbladders” because they
should never relax while dissecting in this
critical anatomic location.
During a cholecystectom y with difficult
dissection.— This was the situation in Cases
10, 11 and 12 and likely played a part in
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others in this series. I believe that preser
vation of vital structures takes precedence
over niceties of technique. When the going
is difficult, I recommend entering the gall
bladder and identifying the cystic duct
from within. If necessary, the gallbladder
is then removed piecemeal, leaving behind
some of the outer layers of the organ. Early
in a difficult dissection, the common and
right hepatic ducts should be identified by
passing a guide probe into their lumens.
W hen persistent bleeding develops dur
ing operation.— One patient (Case 3) had
such bleeding at cholecystectomy and in
two others (Cases 5 and 12) it occurred
during the first (unsuccessful) attempts at
repair. The surgeon should never hurry
while he is attempting to control hemor
rhage. He can compress the hepatic artery
for a short period, remove blood from the
field, then safely clamp the offending
vessel, usually the cystic artery. However, I
prefer to pack the bloody field firmly and
wait for two to three minutes by the clock.
As the pack is removed there is invariably
a brief clear interval, perhaps five seconds,
when the bleeder can be identified and
controlled without incidental trauma.
M anagement
Ideally, the damaged common bile duct
should be repaired immediately, that is
during the first operation, but this is
probably rare. In many instances the injury
is not recognized or, if it is, the surgeon
does not do a complete repair. Of the 10
patients who sustained common-duct
damage during elective cholecystectomies,
immediate repair was attempted in only
two. In one patient (Case 8), the attempt
was half-hearted and unsuccessful; in an
other (Case 11), it apparently succeeded.
The common-duct injury may be demon
strated at the first operation if the hepatic
ducts do not fill in the operative cholangiogram (Fig. 7). In only one of the three
patients (Cases 10, 11 and 12) in whom
this was noted was the duct injury im
mediately identified and repaired. In the
other two this valuable cue was missed.
In the post-cholecystectomy patient,
recognition and decisive management of
the duct injury, which is usually obvious

141

clinically, is commonly delayed. In large
part, this is due to a general lack of ap
preciation of the signs of duct injury,
especially postoperative biliary fistula
and/or jaundice. After cholecystectomy
many patients have bile in the drainage
from the operative site but when this
drainage is profuse, prolonged, or is as
sociated with jaundice, ductal injury must
be strongly suspected. Recurrent jaundice,
or chills accompanied by disturbed liver
function, in a patient who has undergone
an operation on the biliary tract are in
dications for early exploration.
When the surgeon recognizes that he has
injured a bile duct, he should refer the
patient to another surgeon. In this series,
one-half of the patients were operated on
again by the original surgeon, one-half
were referred to another surgeon. None of
the attempts at repair by the original
surgeon were successful while several of
the repairs by a second surgeon were.
Understandably, the surgeon who has in
jured a duct is upset. For this reason, it
is difficult, perhaps impossible, for him to
deal objectively with the problems posed
by duct repair, and he should ask for
assistance.
In several of these patients, operative
cholangiography at the time of duct repair
was valuable. The opaque fluid may be
introduced through various portals: for
example, in Cases 5 and 6, a duct was
located with a transhepatic needle (Fig. 4);
in Case 7 a catheter was passed up a
jejunal loop to the anastomotic stricture;
and in Case 9, the biliary tree was filled
through the intact gallbladder (Fig. 6). In
each instance, demonstration of the site of
obstruction guided dissection and recon
struction.
In these patients I employed three prin
cipal methods of duct reconstruction.
Whenever possible duct-to-duct anastomo
sis was done because it is the most ana
tomic and physiologic of all types of repair.
However, when there was a large defect in
the duct, usually of the lower end, I did a
lloux-Y choledochojejunostomy. In two
patients ( Cases 5 and 6) I did a Longmire
hepaticojejunostomy3 because of high
strictures and biliary cirrhosis.
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The results of 13 repairs in these 12
patients (Case 10 had two repairs) were as
follows:
Duct-to-duct repair (Fig. 2).—This was
performed in five patients (Cases 3, 4, 8,
10 and 11) and was successful in four. In
one (Case 10), the repair, which was under
tension, partially separated. Another stric
ture formed and was subsequently treated
by choledochojejunostomy.
Choledochojejunostomy (Roux Y) (Fig.
1).—This technique was used in six patients
(Cases 1, 2, 7, 9, 10 and 12). In one (Case
10), this was done after a duct-to-duct
anastomosis I did had failed. One poorrisk patient (Case 2) died following the
operation. The other patients have done
well.
Hepaticojejunostomy (Longmire) (Fig.
5).—This method was used in two patients
(Cases 5 and 6). It was successful in one
and the other died. Both were poor risks in
whom treatment had been delayed and
biliary cirrhosis had developed. Death was
due to bleeding from esophageal varices
(Fig. 3).
The Outcome

As the two deaths in this small series
testify, bile-duct strictures can be fatal.
Also, morbidity can be protracted. The
majority of these patients required several
operations and their illnesses extended
over months or years. Uncorrected biliarytract obstruction can and does lead to
biliary cirrhosis, and the attendant com
plications of portal hypertension and liver
failure.4 Two patients (Cases 5 and 6) in
whom definitive treatment was delayed,
for three and six years respectively, de
veloped biliary cirrhosis and one died.
It is also apparent that good results can
be obtained through proper duct recon
struction. Of the 12 patients, 10 are alive
and well; four of these have been followed
for more than four years.
C onclusions

Twelve patients with common-bile-duct
stricture were treated by the author. The
cause of the stricture in 11 was trauma
during cholecystectomy. Factors that may
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contribute to this serious complication are
as follows:
(a) The surgeon has performed a chole
cystectomy for acute cholecystitis when a
cholecystostomy would be safer.
(b) The surgeon has relaxed his vigilance
when dissecting during a cholecystectomy
that he considers to be “easy”.
(c) The dissection of the difficult con
tracted gallbladder is not modified to suit
hazardous conditions.
(d) Precipitate measures are taken to
control troublesome bleeding.
When operative cholangiography is done
at the time of cholecystectomy, incomplete
filling of the ductal system should suggest
that duct injury has occurred.
Biliary fistula and postoperative jaundice
are the hallmarks of common-duct injury.
The management of common-duct stric
tures usually requires a second operation
and entails:
(a) Early referral of the patient to an
other surgeon.
(b) Early operative cholangiography
whenever possible to help delineate the
defect.
(c) Tailoring the procedure to the
anatomic defect. Duct-to-duct, duct-tojejunum (Roux Y) and hepaticojejunostomy
(Longmire) were all successful.
There was an appreciable mortality in
this series—2 of the 12 patients died soon
after operation. The other 10 patients ap
pear to be in good health; four have been
followed for more than four years.
The author would like to acknowledge the
expert assistance of the Department of Medical
Illustration, University of British Columbia, Van
couver.
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R esu m e

L’auteur presente 12 malades atteints de
retrecissement du conduit biliaire et qui lui avaient
ete adresses pour etre traites. Chez 'tous les
patients sauf un, la lesion du choledoque survint
comme consequence d un traumatisme au moment
de la cholecystectomie. Les raisons profondes de
ces lesions sont semblables a celles qui ont ete
deja decrites dans la litterature. Bien que la
solution ideale consiste a decouvrir et a reparer
immediatement la lesion du canal biliaire, c’est
pourtant celle qu’on emploie le moins. Pour diagnostiquer cette lesion, une cholangiographie
peroperatoire au moment de la cholecystectomie
peut representer une aide inestimable. Chez un

BILIARY-TRACT D ISEASE
The authors reviewed the current philoso
phies of the management of acute cholecystitis.
In many parts of the world, over the years
there has been a trend away from immediate
operation in acute cholecystitis, which the
authors tend to follow. On the other hand,
some patients will fail to improve rapidly
under conservative management and will need
early operation. This may apply particularly
to very sick and to elderly patients who rapid
ly exhaust their minimal reserves. Age alone
has a pronounced effect on the results of a bil
iary-tract operation such as postoperative in
fections, length of hospital stay, mortality rate,
incidence of the necessity for exploration of the
common duct, and incidence of residual stones.
With these considerations in mind, the auth
ors use a general plan of management for all

SOLITARY U LCER O F CECUM
The author describes the patient histories
and operative specimens from four instances of
what was described at operation as solitary
ulcer of the cecum.
Non-specific ulceration of the cecum is rare
and has been reported in the surgical literature
only 100 times in the last 130 years. Opinions
about its causes vary; ulcerative lesions in the
cecum may present as acute surgical emergen
cies at which time they are grossly indistin
guishable from carcinoma. Under these cir
cumstances it is usually thought best to
perform a resection of the cecum or right
hemicolectomy, without attempting diagnosis
through cecotomy and biopsy.
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des patients presentes ici, on a procede a la
reflection rapide de la lesion grace a ce moyen,
mais, chez deux autres, cet indice precieux de la
cholangiographie a fait defaut. On n’apprecie
generalement pas a leur valeur la presence de
i’ictere et du suintement biliaire comme signes
d’une lesion du canal biliaire chez le malade a
la periode de la post-cholecystectomie. Le diag
nostic precis subit souvent un retard appreciable,
pour cette raison et d’autres motifs, et ce retard
exerce des effets serieux sur l’etat du malade.
L ’auteur a eu recours a trois methodes de reflec
tion, choisies selon la nature du defaut anatomique
et chaque fois avec succes. Deux des 12 patients
sont morts, mais les 10 autres ont survecu et sont
en bonne sante.

patients. Conservative measures, including
nasogastric suction, bed rest, sedation and an
tibiotics are begun, and if there is prompt re
lief of symptoms and improvement in objective
findings, the patient is carried into an interval
phase in which operation is performed at the
time of election, preferably six to eight weeks
after admission. The patient who does not im
prove undergoes immediate operation.
The authors found 28 patients with primary
cancer of the biliary tract in their series and
conclude that this number constitutes an indi
cation for cholecystectomy when there is evi
dence of gallbladder disease. That is, the 0.6%
expected risk of gallbladder carcinoma in the
presence of stones is a higher risk for mortality
than the operative risk when other factors are
favourable.— Bruce, T. A. and Harrison, R. C.:
Surgical timing in biliary-tract disease, C anad.
M ed. Ass. /., 96: 1252, 1967.

In the four specimens of true solitary ulcera
tion of the cecum, it was found that in each
instance the ulcerative process amounted to
ulceration and surrounding inflammation of a
cecal diverticulum. The gross features of the
lesion usually render it indistinguishable from
early carcinoma, particularly when viewed
from the outside of the cecum. After careful
review of reported similar experiences the
author concludes that, when this process is en
countered unexpectedly, the best treatment is
right hemicolectomy. The small risks attend
ant to this procedure are far outweighed by
the possibility of mistaking a benign ulcer for
invasive carcinoma.—Maynard, J.: Solitary
ulcer of the cecum, G uy H osp. R ep ., 116: 39,
1967.
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LATE FAILURE OF THE BALL-VALVE (STARR)
AORTIC PROSTHESIS0
MORLEY COHEN, M.D., Ph.D., F.R.C.S.[C], F.A.C.S.,t JAROSLAW BARWINSKY,
M.D., F.R.C.S.[C], F.A.C.S. and DAVID MYMIN, M.D., Winnipeg, Man.
Despite certain alternatives,1- 2 total pros
thetic valve replacement with a caged ball
valve is still the most common procedure
used in the operative treatment of disabling
aortic valve disease. The Starr-Edwards
aortic ball valve first became available for
clinical use in April 1962. The first failure
attributed to changes in the ball of the

C linical Data

The patients ranged in age from 9 to 51
years (Table I). Four were women. Pre
operative clinical assessment placed them
in a category of advanced disease with
limited prognosis (Class III or IV New
York Heart Association functional classifi-

TABLE I. — S um m ary o f C l in ic a l D ata
Duration of
Age at
prosthesis
Functional
Patient operation
Prosthesis function
classification
Autopsy
number (years) Diagnosis*
size
(months) Preoperative Postoperative
findings
1. M.H.
51
AS
7
16
III
1
Ball in left ventri
cle. Foreign-body
material in kidney,
liver and spleen
2. D.C.
9
AI, MI
7
33
IV
i
Ball at aortic bifur
cation. Foreign-body
material in kidney,
liver and spleen
3. G.T.
49
AS, AI, MS 8
.31
111
il
Ball split and im
pacted on cage strut
4. H.R.
26 AS, AI, MS, 7
11
lV
l
Ball impacted in
M l, TS
2 (mitral)
flow orifice of aortic
3 (tricuspid)
prosthesis
5. T.T.
46 AS, AI, MI 9
46
IV
1
Ball at aortic bifur
cation
6. E.L.
26
AI, Ml
9
31
III
1
Ball at aortic bifurca
tion. Foreign-body
material
*AS—aortic stenosis; A t—aortic insufficiency; MS—mitral stenosis; M i—mitral insufficiency;
TS—tricuspid stenosis.

prosthesis (termed “ball variance”) occurred
in August 1964. Additional isolated cases
have been reported.3 7 This communication
describes six patients in whom late failure
of the prosthesis occurred. They were
among 75 patients in whom aortic valve
replacements were carried out over a period
of AV2 years.
“From the Department of Surgery, University of
Manitoba, W innipeg, Man.
Presented in an abridged form at the Annual
Meeting of the Canadian Cardiovascular Society,
Montreal, Que., October 26-28, 1967.
1'Chief, Division of Cardiopulmonary Surgery,
University of Manitoba.

cation). The prostheses used were in the
smaller range, three being size No. 7, one
size No. 8 and two size No. 9. In four
instances, the aortic root was small, tight
or densely calcified at the time of opera
tion. All patients except one (Case 2) had
been diligently treated after operation with
anticoagulants (warfarin sodium) on a
long-term basis in sufficient dosage to keep
the prothrombin times at levels equivalent
to at least twice the control determination.
In Case 2 this was omitted because we
anticipated difficulty in obtaining a regular
follow-up.
Clinical examination and laboratory in
vestigation suggested that five of the six
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patients had significant derangement of
other valves. However, only three of the
five needed specific treatment of other
valves. In two, a mitral commissurotomy
(Case 3 ), and a mitral annuloplasty (Case
5) were done at the time of aortic valve
replacement. In one (Case 4), the mitral
and tricuspid valves were replaced as well.
The results of cardiac catheterization
studies are shown in Table II. In two in
stances (Cases 3 and 4) postoperative
catheterization was also done. Before
operation, pulmonary hypertension and
high left atrial pressures were common. In
those patients with predominantly aortic
stenosis, the left ventricular-aortic gradient
varied from 50 to 90 mm. Hg. Aortic re
gurgitation, as assessed by angiography
and/or dye curves, showed that this was
a significant feature of the valve dysfunction
in three patients. It is noteworthy that 13
months after operation one woman (Case
3) had a normal, mean left atrial pressure,
and the preoperative gradients across the
aortic and mitral valves had been
abolished. The resting cardiac output had
also returned to normal. With exercise, she
developed a peak systolic gradient of 26
mm. Hg across the aortic prosthesis but no
rise in her left ventricular diastolic pres
sures. Another woman ( Case 4 ), in whom
the aortic and mitral valves were replaced,
was restudied because of persisting right
sided failure (right atrial mean pressure 21
mm. Hg). In addition, she had a Grade I
aortic diastolic murmur with evidence of
excessive chronic hemolysis. At the second
catheterization, persistent tricuspid stenosis
and insufficiency were demonstrated, as
well as mild aortic insufficiency. At re
operation, the tricuspid valve was replaced
and the aortic prosthesis inspected. The
ball of the prosthesis appeared normal.
The aortic insufficiency was due to a few
suture ends that had turned inwards and
prevented the ball from seating properly.
In the postoperative period, both the aortic
diastolic murmur and the hemolysis dis
appeared. By her fifth postoperative month,
this patient had improved to functional
Class I.
As judged on clinical grounds, the course
of all these patients had heen most gratify
ing (Table I). However, all died as a result
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:AS—aortic stenosis; AI -aortic insufficiency; MS—mitral stenosis; MI -mitral insufficiency; T S—tricuspid stenosis.
1—end-diastolic gradient; 2 —peak systolic gradient; 3— graded 1 -J- to 4 + (minimal to extreme).
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of changes in the ball of the prosthesis after
an interval varying from 11 to 46 months.
In four (Cases 1, 3, 4 and 5), death oc
curred with dramatic suddenness. One
patient (Case 2) lived for two hours after
he arrived in the emergency ward and
might have been saved if cardiac-pul
monary bypass had been instituted
immediately. Another (Case 6) was success
fully resuscitated but later showed evi
dence of diffuse cerebral hypoxic damage.
The diagnosis of “ball variance” was made
on clinical grounds and she was to have
been operated upon again as soon as she
showed satisfactory neurologic recovery.
Unfortunately, she died suddenly just be
fore the operation was scheduled.
P ostm ortem F indings

The autopsy findings relative to the
prostheses are shown in Table I. In three
instances the ball had escaped from the
cage and impacted at the aortic bifurca
tion. In Case 1, the ball had prolapsed
down into the left ventricle. In Case 3 it
had impacted on a strut of the cage after
a major fissure had developed in the ball.
In Case 4, the ball had stuck in the flow
orifice o f the prosthesis. Although in every
specimen a careful search was made for
evidence of leakage around the sewing
ring of the prosthesis, only Case 2 had such
evidence— an unendothelialized defect 3
mm. in length. At this site the sutures had
cut free from the aortic annulus. In this
patient, a diastolic murmur had been heard
TABLE III.- - A
Patient
number

Prosthesis
size

1. M.H.

7A

Change in
weight
(»•%)
-2 2 .8

2. D.S.

7A

-1 7 .2

3. G.T.

8A

4. H.R.

Fig. 1.—Photomicrograph of the aortic wall in
Case 3. In the upper one-half of the section,
fabrous proliferation has increased the intima to
almost 50% of the overall aortic-wall thickness
(normal 15 to 20%).

from the third postoperative week, but
because the clinical course had been so
dramatically favourable (Class IV to Class
I), the regurgitation was thought to be
slight. In Case 4, a vertical groove with
some build-up of fibrous tissue on the

ssessm en t of

Change in
diameter
(% )
-7 .3

D e f e c t iv e A o r t ic B a l l s

Colour

Shape

Hardness

White
opaque

Spherical

Decrease

—

Yellowish
opaque

Lobulated

Decrease

+ 12.3

—

White to
Fitted
yellowish opaque surface

Ball
cracked

7A

-2 8 .0

-9 .9

White
opaque

Lobulated

Decrease

5. T.T.

9A

- 2.2

Creamy
white

Crepe-like
surface

Decrease.
Ball cracked
and grooved

(i. E.L.

9A

-24.4

Creamy
white

Crepe-like
surface

Decrease.
Surface
cracked

Y
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Fig. 2.—Ball from Case 3 showing white opacifi
cation and nearly complete Assuring. In addition,
the surface showed many coarse pits.
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Fig. 3.—Ball from Case 6. The surface shows
fine crepe-like pitting. The ball is at the aortic
bifurcation where it impacted after escaping from
the cage of the prosthesis.

intima suggested some impingement of the
cage against the aortic wall in the non
coronary area. It may be significant that,
after operation, this patient had a left
ventricular-aortic gradient of 27 mm. Hg
(Table II). In four instances there was a
variable but definite increase in the thick
ness of the aortic intima around the prostheses that was not related to the aortotomy

incision (Fig. 1). This did not extend to
involve the coronary ostia, as had been
reported by Roberts and Morrow.7
On gross examination, the variant balls
had the most striking appearances (Table
III). The weight of five of the six poppets

Fig. 4.—Ball from Case 1, which had escaped
down into the left ventricle, 'the ball is spherical,
opaque and decreased in size.

Fig. 5.—Ball from Case 5. The two lacerations
are artifacts. However, the grooving and flattening
at the margins of the ball indicating abnormal
wear are clearly visible.
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Fig. 6.—Low-power photomicrograph of the
liver showing multinucleated giant cells containing
a foreign-body material.

Fig. 7.—A high-power view of the same foreignbody material seen as a clear or vacuolated sub
stance within the giant cell.

was decreased and, where the ball was
still spherical enough to obtain meaningful
measurement, the diameter was reduced.
In Case 3 the ball was swollen and was
heavier. Colour varied from white to yel
low and, in all instances, the normal
translucence had changed to a dense, waxy
opacity. In only Case 1 was the spherical
shape and relatively smooth surface re
tained. In the remaining five, the surface
was grossly pitted, cracked or crepe-like
(Figs. 2-5).
A peculiar foreign-body material found
in the kidney, liver and spleen of three
patients (Figs. 6 and 7) remains unex
plained. In many areas this material ap
peared to be free in the capillary loops of
the renal glomerulus while in others it had
been phagocytized by multinucleated giant
cells. We have not seen this change in
other patients dying early or late after
valve replacement. The possibility that it
represents minute fragments from the
damaged Silastic ball cannot be excluded.
Thrombus formation on the prosthesis—a
common finding in patients dying after
prosthetic valve replacement—was not en
countered in these six patients and there

fore did not contribute to the destruction
of the Silastic ball.
D iscussion

To date, approximately 95 instances of
ball variance in Starr-Edwards aortic prostheses have been documented. This figure
includes patient deaths due to prosthesis
failure, and all instances in which a pros
thesis was returned to the manufacturer
and in which some abnormality of the ball
was detected. Because approximately 19,000 aortic prostheses have been produced
by the manufacturer, the incidence of ball
variance is probably under 1%. A more
meaningful estimate might be obtained
if the actual number of patients with
replacements leaving hospital was known.
In any event, this is an important
complication and much effort is being
directed to determine the cause of this
prosthetic failure.
After extensive study8, 9 of variant pros
thetic balls, it appears that the primary
change is an infiltration of the silicone
rubber with lipid substances: free fatty
acids, glyceryl fatty acid esters, methyl

>*•

*
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esters of fatty acids, cholesterol fatty acid
esters and palmitic acid, and possibly phos
pholipids. In addition, crystals with a
rosette configuration have been seen in
varying degrees in the altered clinical balls.
No balls were seen that had surface changes
but no lipid infiltration. Conversely,
opaque discoloured balls have been seen
that had no evidence of microscopic surface
damage or wear.
The common denominator in these pros
thetic valve failures is abnormally high
flow velocity around the ball. In the
average-sized prosthesis, the flow velocity
through the aortic valve is three times that
through the mitral valve. Increased flow
velocity might develop from a combina
tion of factors which, on the basis of
operative and postmortem observations,
are one or more of the following: a sewing
ring leak, a very small aortic root, impinge
ment of the ball against the aortic wall
due to misalignment or insertion of too
large a prosthesis, and the presence of
thrombi on the cage or its struts. Any one
of these factors could lead to abnormal
flow velocities, excessive turbulence and,/or
restriction of free motion of the ball. The
resulting trauma is thought to facilitate
infiltration of the ball by the lipid materials.
As these changes occur the Silastic polymer
loses its resistance to wear and deteriora
tion results. That the appearance of these
lipid substances is associated with a de
crease in the wearing qualities of the ball
is suggested by the fact that extraction of
the lipid materials by appropriate solvents
significantly restores the resistance of the
ball to abrasion and tension in specially
designed in vitro tests. It is noteworthy
that, to date, no accounts of similar failures
of the Starr-Edwards mitral prosthesis
have been published, and in reported aortic
ball-valve failures (as in this series) a pros
thesis in the mitral or tricuspid position in
the same patient has been normal. In time
this statement may have to be altered.
The unusually high incidence of this
complication following our aortic valve
replacements is difficult to explain. To date
we have inserted 75 aortic prostheses with
a hospital mortality of under 10%. The late
mortality attributable to valve failure has
been disproportionately high. Our manage
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ment of these patients has not been ob
viously different from that of others except
perhaps that we have maintained very low
anticoagulant levels in all patients who
could tolerate them (prothrombin times at
2 to 2Vi times control). It has been specu
lated10 that warfarin compounds may play
a catalytic or other role in the absorption
of lipids by the Silastic rubber. Obviously,
since a mitral prosthesis is exposed to an
identical biochemical environment, any
isolated chemical effect on the silicone rub
ber must be very subtle.
The fibrous intimal thickening observed
in the aortic root in some of these patients
suggests that excessive turbulence con
tributes to this complication. It has been
suggested11 that the intimal thickening is
akin to the jet lesions observed in the
cardiovascular system where there is ab
normal turbulence.
C onclusion

Six patients died II to 46 months after
prosthetic ball-valve aortic replacement. In
all, death was directly attributable to
failure of the prostheses.
Clinical and autopsy examinations sug
gest that this failure is most likely to occur
when the valve is the site of abnormally
high flow velocity. This high velocity de
velops in the presence of a small, tight
aortic root, which will accept only a small
prosthesis, or when a leak develops about
the sewing ring o f the prosthesis. Other
factors said to play a part are only
speculative.
It is apparent that if the elective use of
a valve of this design is to continue the
materials must be further improved.
Recently, clinical trials o f a metal-balled
valve with a cloth seat appear promising.
A ddendum

Since this paper was written, a 54-yearold man, who had undergone aortic valve
replacement in March 1965, returned b e
cause of progressive dyspnea and evidence
of heart failure of three months’ duration.
On auscultation, he had a Grade I diastolic
aortic murmur and the opening click of the
prosthesis was absent. At operation, the
ball of the prosthesis was found to be

150

TH E CANADIAN JOURNAL OF SURGERY

opaque, swollen, elliptical and grooved.
It could no longer reach the top of the
cage during systole or seat properly during
diastole. No clear-cut mechanical factor
could be identified around the valve or in
the aortic root that might have produced
this change. The ball was replaced and the
patient had an uneventful convalescence.
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H EM ORRH AG E IN A N T IC O A G U L A N T
THERAPY
M ore recently, the term “ anticoagulant
ileus” has been applied to patients with a clin
ical picture of subacute intestinal obstruction
associated with oral anticoagulant therapy.
Hafner and co-authors describe this syndrome
as typically occurring in patients with pro
thrombin levels lower than those considered
safe and being caused by hemorrhage into the
abdominal wall, retroperitoneum, peritoneal
cavity, mesentery, or intestinal wall. T hey re
port five such patients cautiously treated nonsurgically because o f the danger o f anticoagu
lant rebound and thrombosis. Commenting on
the syndrome, Weiss suggests conservative
treatment. Senturia’s group describes the
roentgenographic diagnosis o f the syndrome,
which they show as a rigid segment of small
intestine having an intact, coarsened mucosal
pattern with a narrow lumen and narrow,
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10.
11.
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cardiac valve replacement, Circulation, 35
(Suppl. 1): 48, 1967.
S t a r r , A. et al.: Cardiac valve replacement;
experience with the durability of silicone
rubber, Circulation, 33 (Suppl. 1 ): 115,
I960.
P ie r ie , VV. R. et al.: Materials and heart valve
prostheses. Paper presented at the New
York Academy of Sciences Materials in
Biomedical Engineering Conference, New
York, June 1986.
H a n c o c k , W . D .: Personal communication.
T e m p l e , L. J. et al.: Principles of fluid me
chanics applied to some situations in the
human circulation and particularly to the
testing o f valves in a pulse duplicator,
Thorax, 19: 261, 1964.

R esume
Six malades sont morts dans un delai variant
de 11 a 46 mois. Tous etaient porteurs d’une
prothese ( valve aortique a bille) et chez tous, la
mort a ete attribuable a l’arret de fonctionnement de la prothese. Les examens cliniques et les
rapports d’autopsie permettent de croire que cet
arret de fonctionnement a de plus grandes
chances de survenir quand la valve est situee a
un endroit qui est le siege d’une vitesse circulatoire anormalement elevee. Ces conditions sont
reunies par exemple quand la racine aortique est
petite et serree ( il faut alors employer une pro
these de faible dimension) ou quand se produit
une fuite autour de la suture de la prothese. On
ne peut que speculer sur Ie role joue par d’autres
facteurs. Jl est evident que si on doit continuer a
employer la valve de ce type, il faudra certes
ameliorer la substance dont elle se compose.
Recemment. on a fait des essais cliniques d’une
valve a bille de metal dont le siege est fait de
tissu et ces essais semblent prometteurs.

spike-like projections o f barium that mimic
an infiltrative process o f the intestinal wall.
They contribute three such reports; one patient
was surgically explored and two were treated
conservatively because o f the typical roent
genographic findings that were seen to resolve
on serial roentgen ray views. W iot and his co
authors review the similar roentgen ray find
ings in two patients with intramural hematoma
o f the duodenum occurring spontaneously
while prothrombin levels were very low; they
call attention to the “picket-fence” appearance
o f the mucosal pattern. Their patients were
also followed with serial roentgen rays and
subsequently recovered. In an experience with
11 patients with coumarin-induced intestinal
obstruction, Goldfarb resorted to resection on
four occasions and treated the rest by non
operative means.—Klingensmith, W .: Surgical
implications of hemorrhage during anticoagu
lant therapy, Surg. Gijnec. Obstet., 125: 1333,
1967.
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INTERMITTENT CLAUDICATION OF NEUROGENIC ORIGIN*
T. D. V. COOKE, M.A., M.B., B.Cliir.f and P. O. LEHM ANN , M.D., C .R .C .S.fC ],*
Vancouver, B.C.

T he term “intermittent claudication” de

scribes cramping pain in the legs brought
on by exercise and relieved by rest. This
symptom is usually due to occlusive vas
cular disease. In his original use of the
term, Boulay1 in 1831 described an inter
mittent lameness in horses coming on with
exercise and relieved by rest, This, the
original meaning of the term, will be ad
hered to in this paper which describes
seven patients with intermittent lameness
due to disorders of the cauda equina.
In 1911, Dejerine1 first described inter
mittent claudication due to disease of the
central nervous system. In 1950, Verbiest2
drew attention to the association of spinalcanal stenosis with intermittent dysfunction
of the cauda equina and subsequently pre
sented two series of such cases.3’ 4 Blau
and Logue3 described a syndrome of numb
ness and weakness arising in the feet,
brought on by walking and relieved by
rest. The six patients they described had
central disc protrusions in the lumbar
region which produced intermittent ische
mia of the cauda equina. Four patients
with spinal-canal stenosis giving rise to
claudication were reported more recently
by Brish, Lerner and Braham8 and Joffe,
Appleby and Arjona.7 In 1966, Spanos and
Andrew8 described three patients with in
termittent claudication in one leg asso
ciated with an ipsilateral disc protrusion.
C linical M aterial

Seven patients with dysfunction of the
cauda equina presented with intermittent
lameness related to exercise. They repre
sent one neurosurgeon’s experience with
this syndrome during the past 16 years. All
the patients were men and, at onset, they

were between 23 and 62 years of age. They
had no evidence of central or peripheral
occlusive vascular disease.

Symptoms
The symptoms included numbness, pain,
weakness and loss of bowel or bladder
function. They were brought on by exer
cise or long-maintained positions, and re
lieved by rest or a change of posture.
Numbness, described by many as painful
or burning, arose in the feet and the back
of the legs and spread to involve the
buttocks and thighs. Dull aching pain
radiated, like sciatica, into the legs. Con
tinued walking produced a progression of
the symptoms and then weakness; the loss
of motor power and control sometimes
caused the patient to fall. Several patients
described difficulty with urination and a
sense of “weakness” on defecation. In
continence of bowel and bladder occurred
intermittently in one patient and two were
impotent. Five of the seven patients dis
covered that these symptoms could be re
lieved by unusual maneuvers and position
ing. Invariably these symptoms were
relieved in two to five minutes by lying
down.

Physical Signs
All these patients had few physical find
ings in relation to their symptoms. The
common signs were diminished or absent
reflexes ( usually ankle and sometimes
knee), and flattening and stiffness o f the
lumbar spine. However, further physical
findings and the presenting symptoms were
provoked b y exercise.

Investigations
*From the Departments of Neurosurgery and
Orthopedic Surgery, Vancouver General Hos
pital, University of British Columbia and
Shaughnessy D.V.A. Hospital, Vancouver, B.C.
tAssociate Resident, Orthopedic Surgery, Van
couver General Hospital.
tAssociate in Neurological Surgery, Vancouver
General Hospital.

Examination of the spinal fluid in these
patients showed normal cell counts and
protein levels between 50 and 110 mg./lOO
ml. In all these patients, myelography
showed complete or almost complete block
to the flow of contrast medium in the lum-
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bar region. Lateral upright films were used
to differentiate between filling defects due
to a protruded disc, and those produced by
encroaching, proliferating bone of the
posterior elements at or near a disc space.
After myelography, five patients developed
a temporary, acute syndrome attributable
to root irritation below the level of the
block. Intense pain, muscle spasm, diffuse
sensory loss, reflex changes and sometimes
urinary retention occurred.
Operative Findings
According to the pathology, these seven
patients fell into two groups: first, three
patients who had findings of central pro
truded lumbar discs; second, four patients
with marked narrowing of the lumbar
spinal canal due to proliferation of the
posterior
bony
elements— spinal-canal
stenosis.
C ase R epo rts

Group 1— Central Lum bar Disc
Protrusions
All patients had a history of back injury
with or without sciatica. The duration of
the claudication was relatively short.
C ase 1.— E .E ., a farmer, seen in 1951, was
our first encounter with neurogenic claudica
tion. Sciatica and back pain, which followed
two injuries while lifting logs in the two years
before admission, had abated with conservative
measures. He subsequently noticed progressive
difficulty and pain with walking and prolonged
standing, and described “icewater numbness
spreading up my legs like wading into a
lake . . . if I carry on walking, the muscles
stiffen and won’t do what I want them to”.
The “pain” was an ache felt mostly on the
right; it spread from the lateral thigh to the
calf and dorsum of the foot. Symptoms were
relieved when he assumed the recumbent
position but passed away more rapidly when
he arched his back while hanging on to the
crutches that he had recently obtained.
On examination, he had lumbar stiffness,
diminished ankle and right knee jerks and
dullness to pinprick in the L5-S1 distribution
in both feet. The straight leg raising was
limited to 80° bilaterally. Radiographs of the
spine and lumbar puncture were normal. A
myelogram was not done. No diagnosis was
made and the patient was discharged. The

Vo I. 11

clinical impression “probable hysteria” was
recorded on his chart.
He was again seen in 1959, eight years
later. His symptoms were more marked and
he complained of periodic fecal incontinence.
His physical examination was unchanged. On
this occasion, he was examined after exercise.
His symptoms appeared and increased after
five minutes walking. His legs became weak
and he began to stagger. The right knee and
both ankle jerks had disappeared. When re
cumbent, his symptoms and signs rapidly
abated. On investigation, mild lipping was
noted on plain radiographs. A myelogram
showed an almost complete block at the L34 level (Fig. 1). The disc at this level was
approached from the right side and removed;
this gave only incomplete improvement.
In 1960 he could only walk with crutches
and had bowel and bladder incontinence, and
impotence. Intense symptoms that came on
while standing were only temporarily relieved
by the maneuvers he performed on crutches.
On examination, there was wasting of the right
thigh and calf, and the right knee and both
ankle jerks were absent. The myelogram still
showed an almost complete block at L3-4.
Following the examination, he had intense
pain in the legs with hamstring spasm and
sensory impairment in the segments below
L3. At operation, a huge, soft, centrally pro
truded disc was found which almost obliterated
the dural sac. It was excised and, with it,
most of the lamina of L3. His symptoms
quickly resolved. His postoperative course was
complicated by pulmonary and renal infarc
tion. Four months later, he was working,
walking long distances without symptoms,
and had regained continence of bowel and
bladder, and potency.
In 1965, he was seen again. A few months
earlier, he suffered minor back strain which
brought on the claudication plus incontinence
of the bowel. He described “haywire legs”
following “a rising tingling and burning in the
feet when I walk”. On examination, the right
knee and both ankle jerks were absent and
there was some wasting in the right leg. The
straight leg raising was normal. On the radio
graphs, moderate degenerative changes were
evident throughout the lumbar spine. The
myelogram was spoiled because the contrast
material was injected outside the arachnoid
membrane. The spine was explored at L3-4
and at the level above. At L2-3 there was a
large central disc protrusion which was ex
cised. As a result, he was markedly improved
and returned to work after eight months. Now,
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Fig. lb

Fig. 1.—Case 1, E.E. (a) Anteroposterior and (b) lateral myelogram showing an extradural de
fect and complete block by a central disc protrusion at L3-4.

at the age of 70, he manages well but can
only walk a limited distance.
C ase 2.— A.W. was a chronic alcoholic.
After a back injury two years before, he de
veloped numbness and pain in the legs which
was brought on by standing, or walking a
distance of 100 yards. He gained relief by
sitting on the ground for a moment on a
newspaper that he carried for this purpose. On
examination, the straight leg raising was
limited to 90° bilaterally. The left knee jerk
was diminished and the ankle jerks were
absent. An electromyograph showed fibrilla
tion potentials in the left tibialis anterior and
extensor digitorum brevis muscles. The radio
graphs showed that he had six lumbar seg
ments with lumbarization of S I. There were
also slight degenerative changes. On the mye

logram, he had disc protrusions at L3-4, L 4-5
and a block at L5-S1. After this procedure he
had intense bilateral sciatica, hamstring spasm
and leg numbness lasting 36 hours. At opera
tion, central protruded discs at L 4-5 and L5S1 were excised through a unilateral approach.
Now, a year after operation, he is working
and has good walking tolerance but complains
of episodes of pain in the left foot and back
ache. A spinal corset gives him symptomatic
relief and no further treatment is indicated.
C ase 3.— J.W . had a progressive numbness
and weakness of the legs brought on by walk
ing, climbing stairs and prolonged standing.
These symptoms followed a fall and back
injury sustained a year earlier. Because his
job (he was an oil refinery inspector) involved
considerable walking, he sited oil drums and
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Fig. 2a
Fig. 2b
Fig. 2.—Case 4, E.B. (a) Anteroposterior and (b) lateral myelogram showing dense posterior
elements encroaching posteriorly and blocking the flow of the contrast medium at L3-4.

boxes at strategic points around the plant so
that he could rest when symptoms appeared.
Slouching in different positions hastened his
relief. Many years before he had been treated
for syphilis. On examination, his left pupil
reacted sluggishly to light. He had diminished
vibration and position sense in the feet. His
knee jerks were brisk but his ankle jerks were
absent. The Babinski response was negative.
Straight leg raising was normal. On investi
gation, the cerebrospinal-fluid protein was
110 mg./lOO ml. The myelogram showed an
obstruction to the flow of contrast medium at
L4-5. This procedure was followed by pain
and leg spasm. A diagnosis of cerebrospinal
syphilis and possible spinal tumour was sug
gested. At operation, the central mass seen at
L 4-5 was a sequestrated disc. It was excised.
The wide exposure needed resulted in damage

to an apophyseal joint but his spine at this
level was clinically stable. His symptoms were
relieved.
Four months after operation, the numbness
recurred with walking. H e had no symptoms
referable to his back. On examination, there
was a palpable “step” at L4-5. He had marked
lumbar stiffness but the physical signs were
otherwise unchanged. Radiographs showed
gross disorganization of the fourth and fifth
lumbar vertebrae; L 4 was displaced anteriorly
2 cm. The myelogram showed a block at the
spondylolisthesis. A diagnosis of “Charcot
spine” was made. At operation, scar tissue was
found encroaching on the caudal sac and was
excised. The spine at this level was stabilized
by Wilson plates. The patient’s symptoms of
claudication resolved but symptoms and signs
of root involvement persisted.
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Fig. 3a
Fig. 3b
Fig. 3.—Case 5, W.L. (a) Anteroposterior and (b) lateral radiographs showing Paget’s disease
of L5 and SI and dense posterior elements from L2 to L4.

Group 2 Spinal-Canal Stenosis
These patients had no history of back
injury or sciatica. The duration of symp
toms was comparatively long and, in each,
began insidiously.
—

Case 4.—E.B., a retired carpenter, had had
progressive symptoms for four years. Warm,
tingling sensations arising from his feet and
cramping leg pain were brought on by pro
longed standing, and walking distances of 30
yards. If symptoms were prolonged, his legs
felt “wooden” and, in this condition, he could
not void. He had Parkinson’s disease with
tremor and cog-wheel rigidity involving the
right side. On examination, the straight leg
raising was normal but ankle jerks were absent.
On investigation, radiographs showed dense

bone in the laminae from L3 to L5. A myelo
gram demonstrated encroachment posteriorly
causing obstruction to the flow of contrast
medium at L3-4 (Fig. 2). At operation, dense,
thick posterior elements were encountered
and excised. The dura was tense and was also
encroached upon by a slight protrusion of the
L3-4 disc. This was also excised. He returned
a year later for consideration of a left thala
motomy but had no leg symptoms at this time.
Case 5.—For 20 years W.L., a lumber
merchant, had had numbness of feet and
calves with exercise. This progressed in later
years and was associated with aching pain in
these regions. His sister had low back symp
toms and leg pain that were not improved by
operation. H er son had symptoms of inter
mittent claudication and leg weakness. One

156

THE CANADIAN JOURNAL OF SURGERY

Vol. 11

Fig. 4a
Fig. 4b
Fig. 4.—Case 5, W.L. (a) Anteroposterior and (b) lateral myelogram suggest “multiple discs”
on the anteroposterior view but encroachment by posterior elements maximal at L3-4 is evident on
the lateral view.
of the patient’s brothers had become para
plegic following an operation on his back and
his younger brother is presently being treated
elsewhere for “vascular claudication” in the
legs. On examination, his lumbar movements
were restricted and his ankle jerks were
diminished but his straight leg raising was
normal. On investigation, radiographs sug
gested Paget’s disease involving D6, L 5 and
the posterior parts of L5 and S I. There was
increased density and thickening of the pos
terior elements from L2 to L4 (Fig. 3). The
myelogram demonstrated encroachment of
these elements on the caudal sac at L2-3,
nearly blocking the flow of contrast medium

at L3-4 (Fig. 4 ) . At operation, the laminae of
L3 and L4 were excised to relieve the tension
on the dural sac. The mildly protruded L3-4
disc, contributing to the stenosis, was excised.
The L5 spine was biopsied. At the time of
writing, the patient has had complete resolu
tion of symptoms and no recurrence.
The biopsy was reported as “normal bone”.
The bone of the excised laminae did not have
the appearance of Paget’s disease. We believe
that this disease, if present, was not associated
with the canal stenosis. The long duration of
symptoms and this patient’s extraordinary
family history support this hypothesis.
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Case 6.— J.S. described symptoms of back
stiffness and weakness brought on by walking
and heavy work over the preceding 22 years.
Aching in the left buttock and lateral thigh,
associated recently with numbness spreading
up from the left knee, had occurred with in
creasing frequency. He had rapid relief with
rest. He complained that his legs felt “heavy”.
He had a healed compound fracture of the
right tibia and fibula with foot drop, absent
ankle jerk and numbness from L4 to S I, from
a World War II injuiy. On examination, his
lumbar spine was stiff, the straight leg raising
was normal, he had quadriceps weakness,
diminished right knee jerk and dullness to
pinprick over the L 3 and L 4 dermatomes on
the left side. The appearance of the myelogram
suggested “multiple discs” at L3-4, L4-5
and L5-S1. The lateral view showed encroach
ment by the posterior elements, most marked
at L4-5. On exploration, it was found that
wide, overlapping, thickened laminae and a
moderate disc protrusion at L4-5 had pro
duced stenosis of the spinal canal. The disc
was removed and the L4 lamina was resected.
Nine months after operation he is working
and undertaking heavy exercise without com
plaints.
Case 7.— H.S. complained that sitting and
standing brought on intense numbness in the
feet rising into the buttocks. It was relieved
by lateral flexion and rotation of the back.
Walking provoked numbness and backache,
which spread into the knees and calves
posteriorly. With prolonged activity, his legs
felt “wooden and very heavy”. If he stopped
and sat on his lunch box every three or four
blocks on his way to work, he could relieve
his symptoms. The movement of his lumbar
spine was restricted and it was flattened. The
right ankle jerk was diminished. Walking for
five minutes produced a loss of the right ankle
jerk, diminished left ankle jerk and weakness.
His symptoms and signs were relieved rapidly
by rest. Radiographs showed thickened
posterior elements from L 3 to L5. The myelo
gram suggested “multiple discs” but, on the
lateral view, the encroachment was seen to be
due to posterior elements, which caused a
complete block to the flow of contrast at L4-5.
Following this procedure, he had severe pain
with diminished sensation involving L 4 to S2
root segments bilaterally. Straight leg raising,
previously normal, was restricted to 30°
bilaterally and the ankle jerks disappeared.
The syndrome slowly resolved in 36 hours.
At operation, spinal-canal stenosis was found
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to be due to the thickened laminae of L 4 and
L5 with contributions from adjacent areas of
pedicles and articular facets. The dural sac
was very difficult to decompress and, initially,
it did not pulsate. A moderately protruded
L4-5 disc, which was contributing to the
stenosis, and the involved posterior elements
were also excised. Eleven months after opera
tion he could walk a mile a day without
claudication. H e has occasional complaints of
mild backache.

D iscussion
Dejerine1 stressed that the claudication
must be distinguished from that produced
by occlusive vascular disease, particularly
that seen in the Leriche syndrome. Accord
ing to Evans9 this is a difficult differential
diagnosis when the signs of central nervous
system and vascular disturbance co-exist.
He suggests that a lumbar puncture be
done before myelography or aortography
because elevation of the cerebrospinalfluid protein would suggest a neurological
disorder. Myelography should then follow.
In the present series, aortography was not
performed because there was no evident
vascular disease in these patients.
Some of the patients described by Verbiest3 ,4 had symptoms with prolonged
standing and sitting, as did one of Joffe’s.7
All these patients had spinal-canal stenosis.
The patients described by Blau and Logue5
and Evans,9 in whom the cause was a
protruded lumbar disc, did not present
with symptoms related to body position. In
our series, five patients had such symptoms
and, in three, these symptoms were asso
ciated with protruded discs. The variety of
methods and the unusual maneuvers used
to gain relief by the majority of our pa
tients, strongly suggests that the cause of
root dysfunction is mechanical.
Myelography is diagnostic and may be
used to differentiate between disc protru
sion and spinal-canal stenosis. The exacer
bation of neurological complaints following
this procedure was too frequent to be coin
cidental and was probably due to an un
usual irritability of the nerve roots whose
vascular supply had been compromised.
A protruded central lumbar disc giving
rise to claudication is well known.5,8’ 10
Three of our patients (Group 1) had this
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lesion. All have had some residual difficulty
which is probably related to the conserva
tive surgical decompression employed in
their treatment.
The spinal-canal stenosis described by
Verbiest2 and Epstein, Epstein and
Lavine 10 is due to bony proliferation of
the posterior elements, the cause of which
is presently unknown. The laminae, ad
jacent parts of pedicles and articular facets
are thickened and dense but histologically
normal. This proliferation results in a
marked reduction of the anteroposterior
diameter of the canal with encroachment
upon the lateral recess and root canal.
Even a mild disc protrusion may produce
a critical reduction of the available
space. 2 ’ 7 ’ 10 For this reason, we removed
the affected discs and performed a radical
posterior decompression in such patients in
the present series. Their trouble-free pro
gress to the present has been gratifying.
Verbiest2 proposed that mechanical root
compression caused the claudication but
Blau and Logue5 pointed out that this did
not explain the dynamic aspects of the
symptoms. They suggested that the true
cause was intermittent ischemia of the
cauda equina.
The sensations described by these pa
tients are very similar in onset and progres
sion to those produced in experimental sub
jects by occlusion of the blood supply to
major peripheral nerves. 11 Cranefield, Brink
and Bronk12 demonstrated a direct correla
tion between the oxygen requirements of
peripheral nerves and exercise, and Evans0
suggested that a disturbance of this re
lationship might produce root dysfunction.
He proposed that the obstruction to the
blood supply of the cauda equina was due
to disc protrusion. With activity, hypoxia
developed; with rest, the symptoms re
solved.
Though attractive, this theory does not
explain the association of the complaints
with position, or the relief obtained by the
various maneuvers used by most of our
patients. These suggest a mechanical dis
order.
From our clinical observations, we sur
mise that a protruded disc or posterior
encroaching bone produces partial ob
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struction of the blood supply to the cauda
equina. Different postures or movements
alter the bone and soft-tissue relationships
and produce varying degrees of blood
vessel obstruction. When certain body posi
tions are maintained, the impairment be
comes profound and the resulting hypoxia
produces symptoms, which are relieved by
maneuvers that restore the circulation.
Exercise increases the oxygen demands
at the spinal-root level beyond that which
the impaired circulation can supply, thus
the symptoms are closely related to exercise
and are relieved by rest.
C onclusions

Intermittent claudication, sometimes
suggesting vascular occlusive disease, may
be produced by dysfunction of the cauda
equina. Two of the more frequently en
countered causes are central lumbar disc
protrusion and spinal-canal stenosis due to
proliferation of posterior bony elements.
The diagnosis is based on an accurate his
tory, physical signs induced by exercise,
and myelography. This dysfunction should
be suspected in patients who have no
evidence of vascular disease. The inter
mittent root dysfunction probably results
from hypoxia brought on by exercise and/
or certain body positions or postures. The
syndrome responds well to a radical
surgical approach.
Su m m a r y

This paper describes seven patients with
intermittent claudication produced by
dysfunction of the cauda equina.
The symptoms are paresthesia, pain and
weakness in the lower limbs and, some
times, disorders of the urinary and anal
sphincters. They are brought on by exercise
and prolonged sitting or standing, and
rapidly relieved by rest or a change in
position.
The diagnosis is based on the history,
the physical signs induced by exercise, and
myelography. The syndrome must be dis
tinguished from that due to occlusive vas
cular disease.
In this series, the lesion in three patients
was a centrally protruded lumbar disc, and
in four was spinal-canal stenosis.
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These lesions are managed by surgical
decompression and the best results are ob
tained with a radical approach.
It is proposed that vascular and
mechanical factors both contribute to the
cauda equina dysfunction.
The authors wish to thank Mrs. Jean Cooke
and Dr. G. D. McPherson for their help and ad
vice in the preparation of this manuscript, the
Photographic Departments of the Vancouver
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Miss C. Brown for their secretarial assistance.
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Une claudication declenchee par la marche et
soulagee par le repos doit faire croire a une
maladie vasculaire peripherique. Dejerine, des
1911, fut le premier a decrire ces symptomes qui
surviennent comme consequence d’un trouble
neurologique. Depuis lors, on a trouve dans la
litterature des rapports sporadiques de syndromes
cliniques similaires. L e present article a pour
objet de presenter sept nouveaux malades souffrant de claudication intermittente d’origine
neurogene et chez lesquels on a decouvert deux
des causes les plus courantes, soit une protrusion
d’un disque lombaire central et une stenose du
canal medullaire lombaire. On y trouve l’expose
du tableau clinique, les etudes prealables et les
constatations operatoires. Seule l’operation radicale
permet d’obtenir un soulagement durable des
symptomes. Les auteurs tentent detablir une cor
relation entre les decouvertes pathologiques et la
symptomatologie presente.

A R TH R O P L A STY O F T H E H IP
At present, an operation of some type is the
treatm ent of choice for the stiff and painful
hip, a disabling condition that cannot b e suc
cessfully treated, except temporarily, b y any
non-surgical method.
A frank discussion of the problem w ith the
patient before operation is a prerequisite to
successful treatm ent because, although a satis
factory end result depends, in part, on the
proper selection of patients and good opera
tive techniques, a more important factor is the
motivation of the patient to continue to work
hard postoperatively towards rehabilitation.
Most excellent results are attained after a
satisfactory operation has been performed and

when the patient has worked long and hard at
rehabilitation postoperatively, under the guid
ance of physiatrists or orthopedic surgeons
skilled in the postoperative m anagem ent of hip
problems. Experience has shown th a t for the
first year or two after arthroplasty, the patient
is likely to b e im patient and dissatisfied. Not
until about three years after operation does the
industrious patient achiev e a plateau beyond
which m uscle strength does not increase, al
though endurance m ay improve further. At
such time, h e may first admit real satisfaction
w ith the result of th e operation th a t was p er
formed.—Ivins, J. C. e t a l.: Arthroplasty of the
hip for idiopathic degenerative joint disease,
Surg. G y n ec. O hstet., 1 2 5 : 1281 , 1967 .
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INTRAOSSEOUS VERTEBRAL VENOGRAPHY AS A DIAGNOSTIC
AID IN INTERVERTEBRAL DISC DISEA SE*
SURGEON-CAPTAIN D. A. MACIVER, M.B., Ch.Bf and FLIGHT-LIEUTENANT
R. M. LETTS, B.Sc.(Med.), M.D., Ottawa, Ont.

I ntraosseous vertebral venography is a

More recently, Batson14,13 did extensive
method of outlining the veins of the epi studies to delineate the anatomy and phy
dural space by the injection of contrast siology of these veins. With the develop
medium directly into the marrow substance ment of vertebral-plexus venography, the
of a vertebral spinous process. This tech anatomy of the vertebral plexuses has been
nique is said to detect vertebral and spinal- fully demonstrated radiologically. These
cord lesions.
venous plexuses are thin-walled, valveless
It is well known that Pantopaque (ethyl vessels located in the bodies of the verte
iodophenylundecyclate) myelography has brae and in the spinal canal.
certain inherent limitations1, 2 such as the
The vertebral plexuses are divided into
occasional adverse reaction, and is contra an internal and external plexus, running
indicated in the presence of meningeal in longitudinally along the entire length of the
fection. Thus, any procedure that is pur spinal column. The internal plexus is
ported to be associated with less morbidity located inside, and the external plexus is
than myelography,3 5 and is simpler but located outside the vertebral canal. Both
has the same or better diagnostic ac plexuses may be further subdivided into an
curacy,3-8 deserves clinical investigation. anterior and posterior group. Numerous
For these reasons, the high incidence of anastomotic channels exist between the
intervertebral disc disease in service per groups of veins. Intervertebral veins are the
sonnel, and recent reports from the U.S. main anastomotic channel between the in
Naval Hospital, Philadelphia recommend ternal and external venous plexuses, passing
ing this technique as a diagnostic aid,9 we, through the intervertebral and anterior
at the National Defence Medical Centre, sacral foramina, accompanying the corres
Ottawa, set out to evaluate intraosseous ponding nerve roots. The anatomy of verte
vertebral venography as a method for de bral plexuses is illustrated in Fig. 1.
tecting intervertebral and spinal pathology.
P hysiological C onsiderations
B ackground

On the basis of experiments carried out
by Drasnar in 1946,10 Erhardt and Kneip11
first suggested the introduction of a con
trast medium into the bone marrow. In
1952, Fischgold et a lP suggested that a
contrast medium could be injected into the
bone marrow of the vertebral spinous pro
cess to visualize the vertebral venous
plexus. Since then several workers3-9,13
have attributed diagnostic merits to this
new technique.
A natomical C onsiderations

The anatomy of the vertebral plexuses
was described in the fourteenth century.
'From the Department of Surgery, National De
fence Medical Centre, Ottawa 8, Ont.
fAssociate Professor of Surgery, University of
Ottawa.

The hemodynamics in the valveless verte
bral venous plexuses is such that flow de
pends on pressure and may occur in either
direction. The technique of intraosseous
vertebral venography has aided in the
better understanding of the anatomy and
pathophysiology of the vertebral plexuses.
It has been suggested3 that the main func
tions of the vertebral plexuses are to act as:
( a ) a storage place for blood, ( b ) a pool
for receiving back-flow from neighbouring
veins through innumerable anastomoses,
(c ) centres for redistributing blood from
other adjacent areas, and ( d ) a mechanism
for making quick adjustments to rapid in
flow of blood because of their own lack of
flow direction. Thus, the vertebral venous
plexuses redistribute blood and, being with
out valves, act as important alternate path
ways in temporary or permanent obstruc
tion of such major venous channels as the
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Fig. 1.—Horizontal section of vertebra illustrating the anastomotic venous drainage.

jugular, azygos and portal veins, and the
venae cavae.
T echnique of I ntraosseous
V ertebral V enography

One hour before the procedure the pa
tient, who has fasted overnight, is given a
barbiturate and 50 mg. of meperidine
(Dem erol). He lies prone on the x-ray
table over a rubber bladder centred longi
tudinally under the lower abdomen. The
bladder, when inflated, occludes the inferior
vena cava temporarily, giving better opacifi
cation of the internal vertebral venous
plexus. The skin of the lower back is pre
pared with cetyltrimethyl ammonium bro
mide (Cetavlon) and thimerosal (Merthiolate). Following draping, the tip of the
lumbar spinous process is located by pal
pation and the overlying skin and perios
teum is injected with 2% lidocaine
(Xylocaine). The first spinous process be
low the suspected lesion is usually chosen
as the site of injection, because this gives
the maximum concentration of dye in the
region of the lesion. If the patient is obese
or the back muscles are thick, it may be
necessary to confirm the location of the tips
of the spinous processes by fluoroscopy.
Following this, an 18 g. Osgood needle,

IVi inches long, is inserted into the tip of
the selected spinous process. The tip of the
needle must be entirely within the cancel
lous portion of the process to prevent ex
travasation. Correct positioning of the
needle is usually confirmed by the aspira
tion of 2 to 3 c.c. o f blood without bubbles
into a 5-c.c. syringe. A polyethylene
catheter, attached to a 20-c.c. syringe filled
with diatrizoate methylglucamine 60%
( Renografin-60), is connected to the Os
good needle. One cubic centimetre of the
Renografin is then injected as a test dose.
Extravasation of the contrast material into
the soft tissues surrounding the spinous pro
cess indicates an improperly positioned
needle. The initial injection of this small
dose also aids in the detection o f patients
who may develop respiratory distress or
skin lesions as an immediate allergic re
action to the contrast material.
The patient positioned on his abdomen
is then secured to the x-ray table by a
holding band and the rubber bladder in
flated to about 120 mm. Hg. After taking
several deep breaths, the patient performs
a Valsalva maneuver and 20-c.c. of Reno
grafin are injected manually over a period
of three to five seconds. The radiograph is
taken in the posterior-anterior view as the

162

THE CANADIAN JOURNAL OF SURGERY

Vol. 11

last 5 c.c. of Renografin is being injected.
Radiographic views of the lumbar area are
then taken in the lateral and oblique pro
jections with the subject positioned on his
side. With these projections the pressure
balloon is not used and the patient increases
his intra-abdominal pressure by means of
the Valsalva maneuver. Following comple
tion of the filming, the needle is removed
and the patient returned to the ward. No
special post-examination treatment is re
quired.
Extravasation of contrast material around
the needle occurs occasionally. In such
cases, the procedure can be repeated the
Fig. 2.—Schematic representation of the normal
following day because the Renografin is
rapidly absorbed. If this is done, another venous pattern as seen radiographically.
spinous process should be selected.
creased retrograde flow, more on one side
than another, suggests venous stasis due to
T oxicity
some obstruction such as from a protruded
Aside from some discomfort associated disc.
with inflation of the rubber bladder and a
Increased collateral circulation on the un
feeling of pressure at the site of injection, affected side also indicates some obstruction
the procedure, when properly executed, on the opposite side. Ry the radiological
causes the patient minimal discomfort.
assessment of these changes, one is said to
To date we have encountered no com be able to identify disc protrusion. This is
plications attributable to the technique. illustrated in Fig. 3 where the myelogram
Wild18 who studied the histological effect (Fig. 3a) and intraosseous venogram
of contrast medium injected into the bones (Figs. 3b and c) of Case 3 are compared.
of dogs found no pathological changes if The myelogram shows a large, posterior
this was limited to one or two injections. protrusion of the L4-5 intervertebral disc
More frequent injections caused local in somewhat larger on the left than on the
flammatory reaction which resolved spon right. The oil below the level of the pro
taneously.
trusion indicates the disc has moved in and
out with postural changes but, in the pres
D iagnostic C onsiderations
ent upright projection, is occluding the
Intraosseous vertebral venography is ad spinal canal.
The venogram illustrates the Osgood
vocated chiefly in the diagnosis of a
needle
positioned in the spinous process of
herniated intervertebral disc.3 It has also
L4.
The
“ladder pattern” of veins is absent
been recommended for the detection of
bilaterally.
There is venous stasis in the
occult vertebral metastasis, of intra- and
extramedullary neoplasms,3- 7 and in the de vertebral plexus inferiorly on the left, in
tection of varices of the epidural veins, dicating obstruction to flow. The increased
which some investigators17 claim may simu number of collateral veins on the right sug
gests a severe degree of obstruction to
late disc protrusion.
Fig. 2 illustrates the “ladder pattern” in venous flow on the left. These findings plus
the vertebral venous plexus which is sought the associated lack of venous filling in the
in the radiographs. When a portion of the region of L4-5, suggests that there is an ob
epidural venous plexus is obliterated, struction to flow at this level, which is
venous obstruction due to disc protrusion more prominent on the left.
or tumour should be suspected. This sus
R esults
picion may be reinforced by several other
subtle radiographic appearances. An inTwenty patients were studied using the
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Fig. 3.—A comparison of (a) the myelogram and (b and c) the intraosseous venogram in Case 3.

technique described above (Table I ). None
had any complications or untoward effects
as a result of the procedure. Nine patients
also underwent myelography including one
patient with a normal venogram but per
sistent symptoms. In seven of these patients,
the venograms correlated with the myelo
grams; in six, the venographic findings
were confirmed at operation. Of the 20
venograms carried out, 13 were abnormal
but, because the symptoms in five of the
patients diminished with conservative treat
ment, myelography was not done.
Cineradiography, which was carried out
in three patients, added little to diagnostic
efficiency.
TABLE

I .— D

ata from

Age
(years)

Symptoms
(sciatica)*
Left

R .M ..................
D .F ....................

42
39
50
34
40
45

7. R .F ....................
8. M .M ..................

39
47

Patient number
1.
2.
3.
4.
5.
0.

H . H ...................
M .S ...................
J.O.....................
E . H ........................

9.
10.
11.
12.
13.
14.
15.
16.

A .M ...................
Y . I)...................
D .G ...................
G .U ...................
J.vS.....................
W .A ...................
D .T ...................
M .F ...................

17.
18.
19.
20.

R .l ) ...................
.J.l......................
J .R ....................
A .M ...................
*A11 patients

“
Right
Right and
left
Left
Right

20 P a t ie n t s

who

U

D iscussion
Even though the number of cases in this
series is small, we encountered certain dif
ficulties in the analysis of our results that
make us much less enthusiastic about the
value of this procedure in the diagnosis of
intervertebral disc protrusion.
Although this is a safe and simple tech
nique for the demonstration of the verte
bral venous system, the interpretation of
the radiological findings has proved ex
tremely difficult for several reasons. The
inconsistent anatomy of the vertebral
venous plexus makes it very difficult to
delineate the internal and external plexuses,

nderw ent

Radiograph of
lumbar spine

Intraosseous V e r te br a l V

Venography
N o deformity
L5-S1 Left

Normal
Narrow disc L5-S1
Normal

N o deformity
L5-S1 Right

Narrow
Narrow
Narrow
L2-3
Narrow
Normal

disc L4-5
disc L5-S1
disc L3-4,

L4-5 Right
L4-5, L5-S1 Left

disc L5-S1

L4-5 Right
N o deformity

Narrow
Narrow
Narrow
L5-S1
“
30
Normal
29
Narrow
31
Left
Normal
45
Narrow
had associated low back pain.

disc L5 Si
disc L4-5
disc L4-5,

23
26
39
33
27
55
24
41

“
Left
“
“
“
Right

disc L5-S1
disc L4-5

**
L5-S1 Right and left
N o deformity
L5-S1 Left
L4-5 Left
L4-5 Right
N o deformity
L5-S1 Right
L4-5 Left
L4-5 Right

enograph y

Myelography
L4-5 Left
—
L4-5, L5-S1 Left
Normal
L5-S1 R ight
—
—

Surgical
exploration
Normal
—
L4-5, L5-S1 Left
—

L5-S1 R ight
—
—

L4-5 Right
—
—
—
L4-5 Left
—
Normal
L4-5 Left

L4-5 R ight

L4-5 R ight
—

L5-S1 R ight
—

—
—
L4-5 Left
—
—
L4-5 Left

.—

—
—

—
—
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unless one is very experienced in the inter
pretation of such venograms. Contrary to
our expectations, this technique is not one
that can be used in the small hospital as a
screening procedure for patients with per
sistant low back pain.
Because one of the criteria of diagnosis
is the demonstration of an absence of
venous filling and obliteration of the
“ladder pattern” of veins, it should be
pointed out that these veins do not con
sistently fill symmetrically on each side.
This is of utmost importance when spot
films are taken, because an absence of
venous filling may be misinterpreted as a
disc protrusion when in reality the disc is
normal. In an attempt to overcome the
confusing change in venous pattern from
one time phase to another, we studied
three of these patients using cineradio
graphy. This confirmed that the venous
channels are not always completely
visualized from one time interval to the
next.
In our opinion, the technique of intraos
seous vertebral venography will not prove
to be of greater diagnostic effectiveness
than myelography, nor will it replace mye
lography in the diagnosis of intervertebral
disc protrusion.
A further disadvantage of venography is
that the venous system can only be
visualized for a short distance cephalad and
caudad from the injection site. A lesion at
a higher level, which may often mimic the
signs and symptoms of lumbar disc pro
trusion, could therefore be missed if venography alone were used.
The correlation between our venograms
and myelograms has been good, but the
difficulty in interpretation, and the time
consumed in studying the venograms, de
tracts considerably from their value. Be
cause we have demonstrated inconsistencies
in venous filling from one time interval to
another, we are not confident enough of the
diagnostic accuracy of the venograms alone,
and continue to perform myelograms.
At present, the technique does not appear
to be practical in view of the difficulty in
the interpretation of the radiological re
sults and the immense experience required.
Vertebral venography may be useful as an
alternative to myelography in the small

Vol. 11

number of patients in whom the latter is
contraindicated, such as in those with
meningeal infection or irritation.
C o n c l u s io n s

Intraosseous vertebral venography is a
simple and safe method for the opacifica
tion of the vertebral venous plexuses.
Because of the great difficulties in inter
pretation of the radiological venous pattern,
the technique does not appear to have a
practical application in the routine investi
gation of lumbar disc disease.
Su m m a r y

The anatomy, physiology, and technique
of intraosseous vertebral venography is dis
cussed. Its use as a roentgenographic me
thod of demonstrating posterior prolapsed
intervertebral discs has been described.
Twenty patients were studied, seven had
concomitant myelography and operation.
Venography was correlated with the opera
tive findings in six of the seven. The tech
nique is simple and safe but requires much
experience in interpretation. For this reason
it is impractical for routine investigation at
small hospitals.
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CLINICAL STU D IES IN ADVANCED
BREAST CANCER
In England and Wales 10,000 deaths each
year are due to carcinoma of the female breast.
The annual death rate has changed little in the
past 10 years and certain recent statistics indi
cate that the number of deaths from this ma
lignant growth may be increasing.
When the disease becomes disseminated and
local operation or radiotherapy is no longer
effective, the endocrine environment should be
altered by pharmacologic or surgical means. Of
those who had castration within five years of
their last menstrual period, 28% had objective
remissions of their disseminated carcinoma. An
additional 14% had equivocal remissions with
the same treatment. Forrest found that with
additional hormone manipulation, further re
mission of the disease can be expected in 50%
who have had a response to castration.
He reports a 33% rate of remission of dissem
inated carcinoma in post-menopausal women
who undergo adrenalectomy or hypophysectomy. The frequency of remission was not dif
ferent between patients treated by hypophysectomy or adrenalectomy, and the duration of
remissions were comparable.
He points out that there appears to be no
advantage in performing early adrenalectomy
or hypophysectomy in preference to using sup
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R esu m e
Les auteurs estiment la valeur de la methode
de phlebographie vertebrale intra-osseuse pour
deceler les lesions intervertebrales et celles de la
colonne. L ’examen radiologique de 20 malades
dont la lombalgie persistante les empechait de
travailler a revele que le phlebogramme etait
anormal dans 13 cas. Chez les sept autres, les
donnees du phlebogramme correspondaient a
celles du myelogramme. Les constatations phlebographiques ont ete confirmees lors de 1’operation
chez six malades. L a phlebographie vertebrale
intra-osseuse est une methode simple et sans
danger qui permet d’opacifier les plexus veineux
vertebraux, mais les difficultes d’interpretation des
images radiologiques des veines rend cette
methode peu pratique pour letude courante des
hernies discales lombaires.

plemental hormonal therapy. However, early
use of yttrium implantation of the pituitary
may somewhat increase the survival rate.
Medical adrenalectomy using large doses of
dexamethasone or prednisolone produced ob
jective remissions in 25% of the patients. The
complications of this massive steroid therapy
were serious. The incidence of remission was
greater in patients who had become obese than
in those who did not.
In a comparison of treatment of dissemin
ated breast carcinoma by adrenalectomy and
by pituitary implantation, the incidence of re
mission was the same but the duration of re
mission appeared to b e shorter after implanta
tion. In 25 patients who had adrenalectomy
after implantation of the pituitary, three had
remissions.
Considering the short periods of remission
using cytotoxan, Forrest concludes that therapy
with cytotoxic agents should be withheld until
endocrine therapy has failed to control the dis
ease.
He believes that in spite of extensive ex
perience with carcinoma of the breast, he can
not establish a clear plan of therapy for an
individual patient because of the variable re
sults achieved with available methods of therpy.— Forrest, A. P. M .: Clinical studies in ad
vanced breast cancer, J. Roy. Coll. Surg.
Edinh., 12: 192, 1967.
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T H E C A N A D IA N JO U R N A L O F S U R G E R Y

T R A U M A T IC TH ROM BOSIS O F TH E IN TE R N A L C A R O T ID ARTERY
W IT H D E LA Y E D H E M IPL E G IA *
J. F . R. F L E M IN G , M .D ., B .S c .(M e d .), M .S .( T o r .) , F .R .C .S .[C ]
D . P E T R IE , M .D ., C .M ., Toronto, Ont.

spite o f current widespread interest in
the extracranial carotid artery, and in spite
o f the fact that thrombosis o f the carotid
artery is a w ell-recognized com plication of
blunt injury to the head and neck, the diag
nosis o f this condition is seldom made
early, and almost never m ade before ar
teriography. The clinical course o f patients
with this condition varies considerably, not
only as to the type of injury, but also in the
time interval betw een injury and symp
toms, the manner o f onset o f symptoms,
and the symptoms themselves. An accom 
panying head injury may draw attention
away from the extracranial carotid arteiy,
and there may be no evidence o f injury to
the neck. For these reasons, the diagnosis
will only be m ade if it is kept in mind as a
possible com plication in all patients with
trauma to the head and neck. H opefully, in
the future, early diagnosis m ay improve the
bad prognosis that generally accompanies
this condition. In the two patients described
in this communication, there was an un
usually long delay between the injury and
onset o f symptoms. For this reason, both
cases are presented in detail.
In

C ase R eports
Case 1.— Mrs. E.H., a 25-year-old lefthanded housewife, was injured in a motor
vehicle accident on March 10, 1967. She had
been sitting in the right front seat, with her
4-year-old son on her knee. In a head-on
collision with a truck, she was thrown forward
striking her head and face on the dashboard.
She was rendered unconscious, and sustained
a long, deep laceration across her forehead
and small cuts in the left temple and under
the left eye. Her tongue was lacerated and
some front teeth knocked out. On arrival at
hospital she was confused and restless, but
could talk and move all four limbs. The left
pupil was slightly larger than the right. The
left plantar response was upgoing, the right
equivocal.
4 From the Department of Surgery, Division of
Neurosurgery, Toronto Western Hospital, Toronto,
Ont.

and

The following day the pupils were equal,
she was more alert, and moved all limbs well.
Two days after injury she was bright and
sensible, and the neurological examination was
negative except for bilateral extensor plantar
responses. She complained of severe pain in
the left side of her neck below the ear and
jaw. She remembers her mother visiting her
that evening. She has good consecutive
memory from then onwards, thus establishing
that her post-traumatic amnesia lasted 48
hours. The retrograde amnesia was between
15 and 30 minutes. She continued to improve,
and was allowed up in a wheelchair, being
unable to walk because of a fractured right
metatarsal. She was able to wheel the chair
about the ward herself.
At noon on the sixth day after injury, while
sitting in the wheelchair, she noted that her
right hand and arm were numb and she was
unable to lift her arm or place her hand on the
wheel of the chair. She did not report this to
her nurse, and does not remember whether or
not her arm remained numb and weak during
the rest of the day.
On the seventh day, she experienced the
same problem in using her right arm and
hand on the wheelchair. On this day her
doctor informed her that her son, who had
been injured in the same accident, was
critically ill in hospital. She was so upset that
she forgot to tell her doctor about the weak
ness and numbness of the right arm, and can
not remember much that occurred the rest of
that day.
By the eighth day she had developed severe
weakness and numbness of the right aim and
leg. Her doctor noted that she was more
distant, and seemed unconcerned about her
problem. Apart from faint flexion of the right
hand, there was complete right hemiplegia.
Her relatives noted that she had been groping
for words and had forgotten many words
during the previous few days. She was trans
ferred to the Neurosurgical Unit at the To
ronto Western Hospital later that day. She
was noted to have severe weakness of the right
arm but could move all muscles in the right
arm to a slight degree. The right leg was also
very weak but some power was preserved at
the hip and knee. The plantar responses were
upgoing. The visual fields were full; there was
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Fig. 1.—Case 1. Left carotid angiogram show
ing complete obstruction at the origin of the in
ternal carotid.

Fig. 2.—Case 1. Film taken a few seconds later
than Fig. 1 showing collateral filling of the caro
tid siphon via the external carotid system.

a slight, right facial droop. Her speech was
dysphasic and circumlocution was noted.
There were no signs of neck trauma, no neck
tenderness, and no bruits. The diagnosis of
subdural hematoma was considered, but be
cause consciousness was well preserved, no
shift of midline structures noted by echoencephalogram, and the calcified pineal was still
in midline position on the radiograph, it was
thought wisest to observe her closely. How
ever, on the tenth day she was uncooperative
and drowsy, and had developed complete
paralysis of the right arm and almost com
plete paralysis of the right leg. Left carotid
arteriogram (Fig. 1) showed a large filling
defect in the proximal 1 cm. of the internal
carotid artery, which was completely occluded
about 1 cm. above its origin. There was retro
grade filling of the intracranial carotid artery
via the ophthalmic and external carotid col
lateral circulation (Fig. 2), and contrast
material could be seen filling the internal
carotid artery 1 cm. proximal to the base of
the skull.
O peration.— She was operated upon later
on the tenth day. Under thiopental-halothane
anesthesia, the left common, internal and ex
ternal carotid arteries were exposed. A slight
amount of edema and old hemorrhage were
noted in the tissues about the carotid bifurca-

tion. A clamp was placed across the origin of
the internal carotid artery, so as to preserve
flow from the common carotid through the
external carotid. Then an incision was made
in the lower portion of the internal carotid
and some dark firm thrombus, 3 cm. long,
was removed by forceps. No retrograde flow
occurred. A suction tip was inserted 4 to 5 cm.
up the internal carotid, as far as it could be
pushed, but still no retrograde flow occurred.
Then a No. 4 Fogarty catheter was inserted a
distance of 6 cm. up the internal carotid, the
balloon filled with 0 .75 c.c. saline and the
catheter withdrawn. This produced brisk
retrograde flow. Then the common and ex
ternal carotid arteries were clamped off while
the arteriotomy incision was sutured. This
“clamp-off” lasted five minutes, and the arterial
blood pressure was artificially elevated to 160
mm. Hg during this period. Upon release of
the clamps there was good pulsation in the
internal carotid artery. It should be noted that
there was no evidence of atherosclerosis, and
an endarterectomy was not done. T he intima
appeared normal, and it is assumed that the
site of intimal damage was distal to the
arteriotomy. The patient was immediately
heparinized, and dicumarol therapy started
the next day.
P ostoperative course.— About 12 hours after
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delayed left hemiplegia due to traumatic
thrombosis of his right internal carotid artery.
He was treated at the Hospital for Sick Chil
dren, Toronto, and his history has been pre
sented elsewhere.1

Fig. 3.—Case 1. Angiogram three weeks after
operation, showing good filling of the internal
carotid. Note the irregularity of the lumen.
operation the patient was able to bend her
right leg up and down in the bed, and had
slight motion in her hand and arm. Within
two days she could open and close her hand,
and flex and extend the elbow well. Five days
after thrombectomy she could raise her right
arm in the air. Recovery of function continued
and at the time of discharge, three weeks after
operation, she was walking well, there was
minimal spastic weakness of the right arm,
speech was slightly dysphasic, sensory ex
amination was normal, and visual fields full.
An angiogram three weeks after operation
showed a widely patent internal carotid artery,
but the outline of the arterial wall was rough
and irregular (Fig. 3 ). Accordingly, she was
kept on anticoagulant therapy.
F ollow -u p .— When examined three months
after operation, she was normal in all respects.
Power and tone were normal in all extremities,
speech was normal, and sensory examination
normal. The only abnormal finding was an
extensor right plantar response.
Ironically, her 4-year-old son, who had
been injured in the same accident, developed

C ase 2.— Mrs. A.K., aged 47, was struck
by a vehicle on March 13, 1962, suffering
fractured ribs three to seven on the left, a
fractured left scapula, and fractured pelvis.
She did not sustain a head injury and was
fully conscious on admission. She was slightly
tender over the left supraclavicular region.
Her blood pressure was 100/70 mm. Hg on
admission, fell to 90/60, but responded to the
administration of 1000 ml. blood. On the
second day, her blood pressure was below
100/60 mm. Hg for three hours, the lowest
reading being 85/45. Thereafter the blood
pressure remained normal. On the third and
fourth days, her temperature rose to 103° F.
On the fifth day superficial thrombophlebitis
was noted in the left leg.
On the sixth day she complained of numb
ness of the right hand, but this cleared and
she remained quite well.
Very suddenly on the eighth day she de
veloped aphasia and right hemiplegia. She
was awake, and would look around and move
the left arm and leg, but drowsed off to sleep
easily. There was complete paralysis of the
right arm and leg, right facial weakness, right
homonymous hemianopsia, and complete
aphasia. There was very slight bruising over
the left side of the neck anteriorly. A left
carotid arteriogram shortly afterward showed
complete obstruction of the left internal caro
tid artery at a point 4 cm. distal to its origin
(Fig. 4), that is about 2 cm. proximal to the
base of the skull. A slight irregularity was
noted in the arterial wall 15 mm. proximal
to this. No irregularity was noted in the region
of the common carotid bifurcation or origin
of the internal carotid.
O peration.— Five and one-half hours after
onset of the hemiplegia, an incision was made
into the left internal carotid artery beginning
2 cm. distal to its origin. Dark blood clot was
removed from the lumen of the artery, and
after a plastic catheter attached to the suction
had been threaded distally, a long column of
clot was removed and brisk retrograde flow
occurred. There was very slight atherosclerosis
with intimal thickening, and a small endar
terectomy was carried out. As in the first
patient, the intimal tear could not be seen,
as it was almost certainly distal to the arteriotomv incision. Anticoagulant therapy with
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Fig. 4.—Case 2. Left carotid angiogram showing
an intimal irregularity adjacent to the bottom of
the third cervical vertebra, and complete occlu
sion of the artery at the level of the second
vertebra.

heparin was instituted and later replaced by
dicumarol therapy.
Histological study of the tissue removed
showed infiltration of the arterial wall by
polymorphonuclear leukocytes, marked frag
mentation of the elastic fibres, and early or
ganization of the thrombotic material.
Postoperative course.— She remained aphasic
and hemiplegic, though very alert. A post
operative angiogram (Fig. 5) showed the pre
viously occluded area to be patent, but the
outline of the arterial wall was very irregular.
There was a fairly sharp shelf indenting the
arterial lumen about 4 cm. above the origin
of the internal carotid. This irregularity was
distal to the arteriotomy incision and might
represent the site of intimal tear at the
original injury. The most striking finding was
complete occlusion of the bifurcation of the
internal carotid artery, with no filling of either
the anterior or middle cerebral arteries, al
though the carotid siphon and posterior cere
bral arteries filled well with contrast medium.
The occlusion at the internal carotid bifurca
tion must have been due to an embolus re
leased from the already forming thrombus in
the cervical portion of her carotid artery at
the time of onset of symptoms, eight days
after injury.

Fig. 5.—Case 2. Angiogram eight days after
operation. Note restoration of flow in the internal
carotid but a very irregular lumen. The bifurca
tion of the internal carotid is completely occluded,
probably by an embolus. There is no filling of the
anterior or middle cerebral arteries.

Although the patient has remained alert, the
aphasia and right hemiplegia have persisted.
D isc u ssio n
T rau m atic throm bosis of the carotid
artery is rare, and w e found published r e 
ports of only 90 cases.1 11 This is surpris
ingly few considering th e vast num bers o f
patients w ho sustain head and n eck in 
juries, and also the la rg e num bers of p a 
tients w ith n on-traum atic occlusive d isease
o f the carotid artery.
I t is w ell recognized th a t contusion or
stretching o f a m ajor artery m ay cau se
sufficient d am age to th e layers o f th e
arterial w all, with eith er an intim al flap or
subintim al hem atom a, to produce its o cclu 
sion hy throm bosis. B y experim entally
stretching o r crushing norm al fem o ra l
arteries, B e rg a n 12 was a b le to produce an
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intimal tear without any damage to the
more elastic outer layers of the arterial
wall. Such tears in the intima of the inter
nal carotid artery have been described by
several authors. Yamada, Kindt and Youinans2 in a recent review of 52 patients
with traumatic carotid thrombosis, re
ported such a lesion in 62% of those in
whom the pathology was definitely known.
Atherosclerotic plaques, when present, pre
dispose towards intimal fracture. Spasm
secondary to the injury, and a period of
hypotension, such as occurred in our
second patient, must also predispose to
wards thrombosis in the injured artery.
Four types of injury appear to lead to
traumatic thrombosis of the internal carotid
artery:
(1) A direct blow to the anterolateral
part of the neck may cause injury and
subsequent thrombosis of the underlying
internal carotid, as probably happened in
our second patient. This seems to be the
mechanism in about one-half the cases.
With such an injury there is occasionally
an associated fracture of the lower jaw, or
an associated Horner’s syndrome due to
cervical sympathetic chain injury; either of
these is a useful diagnostic finding and
should direct attention to the cervical caro
tid artery as the cause of the patient’s
symptoms.
(2) A severe, sudden stretch of the in
ternal carotid probably accounts for the
25% of instances of traumatic thrombosis
in which there has been a significant head
injury, but no evidence of direct trauma
to the neck, as in our first case. This occurs
when the neck is suddenly hyperextended
and laterally flexed to the opposite side,
stretching the artery over the transverse
process of the third cervical vertebra. The
intima is ruptured at this level,3,13 which is
a frequent site of the occlusion in traumatic
cases, and is more distal than the occlusion
usually seen in atherosclerotic cases. In
these patients the combination of a head
injury, a “lucid interval” before the de
velopment of hemiplegia, and the absence
of signs of direct neck trauma, usually leads
erroneously to the diagnosis of cerebral
compression due to an intracranial surface
clot.
(3) Pitner4 has recently brought to our
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attention that blunt intraoral trauma may
cause internal-carotid-artery thrombosis.
This occurs in children who fall on a
foreign object carried in the mouth and
injure the paratonsillar area. As the injury
may seem minor at the time, it may not be
remembered when the neurological symp
toms occur some time later.
(4)
The intrapetrous portion of the caro
tid artery may become thrombosed second
ary to a basal skull fracture. Yashon, John
son and Jane5 described a 25-year-old
patient who developed bilateral obstruction
of this portion of the carotid arteries in
the presence of bilateral petrous fractures.
Three similar cases were reported by
Thomson.8
Cerebral ischemia following traumatic
carotid-artery thrombosis may present in
exactly the same manner as in atherosclero
tic carotid disease, with either transient
ischemic attacks, stroke-in-evolution, or the
completed stroke. Transient ischemic at
tacks occurred in our first patient on the
sixth day, and repeatedly thereafter until
the stroke-in-evolution on the tenth day.
Although the carotid thrombosis had almost
certainly occurred shortly after her injury,
adequate cerebral circulation had been
maintained by the external carotid-oph
thalmic artery route. The reason for the
hemodynamic failure at six days is not
clear, but the release of tiny emboli from
the internal-carotid-artery thrombus into
the cerebral circulation at that time seems
to be the most likely cause of her symp
toms. The second patient had one transient
ischemic attack on the sixth day, and sud
den onset of a completed stroke on the
eighth day. In this case it is likely that the
cervical portion of the carotid was oc
cluded by thrombus shortly after injury,
and cerebral ischemia was prevented by
an adequate collateral circulation; un
fortunately a right carotid angiogram was
not done and for this reason we do not have
angiographic evidence of collateral circu
lation. The transient attack of numbness of
the right hand on the sixth day must have
been due to a tiny embolus released into
the cerebral circulation, and the sudden
onset of lasting hemiplegia and aphasia on
the eighth day was probably due to a large
embolus that lodged at the carotid bifurca-
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tion intracranially (Fig. 5). It is unlikely
that the delay in symptoms in either patient
was due to a delay in thrombosis of the
carotid artery, because the operative and
histological findings in both suggested that
the thrombus had been present a good deal
longer than the symptoms. Most likely the
thrombus began shortly after injury, and
arterial occlusion became complete within
a few hours, but cerebral ischemia was
prevented by an adequate collateral cir
culation. Embolization, therefore, would
seem the likeliest cause of the delayed
symptoms in both cases.
In over 80% of patients described in the
literature, symptoms occurred within 24
hours of the injury, and most of the re
mainder developed symptoms within the
next 12 to 24 hours. W e have been able to
find reference to only four patients in
whom the delay was longer than two days,
being two weeks in two,4,14 seven days in
one1 and five days in another.7
There is a high mortality rate in trau
matic carotid thrombosis, and a high in
cidence of lasting neurological deficit.
Yamada, Kindt and Youmans2 report a
40% mortality rate in their review, and
lasting neurological deficit in 52% of the
survivors. A mortality rate of 42% is noted
among those patients not included in
Yamada’s review. All four patients with
thrombosis of the intrapetrous carotid died.
Of the 12 with thrombosis secondary to
intraoral trauma reported by Pitner,4 four
died.
Successful treatment of this disease de
pends upon the diagnosis being made early
enough to allow surgical restoration of
blood flow, where possible, before irre
versible cerebral damage has occurred. The
challenge, therefore, will be greatest in
those patients in whom there has been a
very brief delay between injury and the
onset of symptoms; here, the collateral
circulation is obviously inadequate, and
thrombectomy with restoration of flow
must be of the greatest urgency.
The use of the Fogarty balloon catheter
to remove thrombi from the carotid artery,
after forceps extraction and catheter suc
tioning had failed, has been described by
Garamella and others.15 This technique
enabled us to restore flow in our first
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patient, after all other means had failed to
dislodge a 10-day-old adherent, organizing
thrombus from high up the internal carotid,
near the base of the skull. However, there
may well be a serious risk of releasing
emboli into the intracranial vessels by this
technique.
Anticoagulant therapy seemed to be an
important adjunct in the treatment of the
two patients described here, because their
symptoms were thought to be due to the
repeated release of emboli from the carotid
thrombus.
Su m m a r y

Ninety patients with thrombosis of the
internal carotid artery following trauma to
the head and neck have been described in
the literature. Two further cases are pre
sented. Four mechanisms by which this
condition may be produced include a direct
blow to the neck, stretching of the carotid
artery by hyperextension and lateral flexion
of the neck during a head injury, trauma
to the paratonsillar area by a foreign object
carried in the mouth, and injury to the
intrapetrous portion of the carotid artery
during a basal skull fracture. A severe head
injury is present in 25% of these patients,
and may draw attention away from the
cervical carotid artery. As there may be no
external evidence of neck injury, the diag
nosis may not be made until it is too late.
The most common clinical picture is dis
proportionately well-preserved conscious
ness in the presence of a major neurological
deficit with signs of cerebral hemisphere
disturbance (i.e. hemiparesis, aphasia,
hemianopsia), appearing within 24 hours
after trauma to the head or neck. The
symptoms may be delayed up to 48 hours,
and rarely up to two weeks after injury.
Two patients are described in whom there
was such a prolonged delay; the symptoms
in these patients were probably due to em
bolization of the cerebral vessels from the
carotid thrombi. Ironically, the 4-year-old
son of one o f the patients described here
also developed thrombosis of the internal
carotid artery from an injury sustained in
the same accident.
The Fogarty balloon catheter and anti
coagulant drugs may both have a special
role in the treatment of this condition.
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The 40% mortality rate, and the high
reported morbidity rates, will only be
lowered if the diagnosis of traumatic caro
tid thrombosis is constantly kept in mind
by those dealing with head injuries and
other types of trauma, and early angio
graphy and operation are carried out.
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R esu m e
Un traumatisme de la tete ou du cou peut
avoir pour consequence une thrombose de la caro
tide interne et entrainer des symptomes d’isehemie
de l’hemisphere cerebral qui se manifeste par des
acces transitoires d’ischemie, une tendance evo
lutive vers 1’attaque ou une apoplexie integrate.
La lesion arterielle conduisant a la thrombose
peut avoir ete infligee par (a ) un coup direct
sur le cou, (b ) retirement de la carotide interne
par hyperextension et flexion laterale du cou
durant la blessure a la tete, ( c ) un traumatisme
de la zone para-amygdalienne par un objet etranger introduit dans la bouche ou (d ) un trau
matisme de la portion intra-osseuse de la carotide
accompagnant une fracture du crane.
D’ordinaire, le tableau clinique comporte un
deficit neurologique majeur, comme l’hemiplegie,
qui se developpe dans un delai de 12 a 48 heures
apres la blessure. La conscience est souvent bien
conservee, de fagon disproportionnee avec la
gravite du coup. Cet element est utile pour differencier cet etat d’une hemorragie intracranienne
d’origine 'traumatique. Les auteurs en decrivent
deux cas, au cours duquel on a note un retard
exceptionnellement long entre le traumatisme et
l’hemiplegie (8 et 10 jours respectivement) et
apportent des preuves que les symptomes etaient
causes par le passage d’emboles dans les vaisseaux
cerebraux a partir d’un thrombus de la carotide.
Ils conseillent a ceux qui sont appeles a ob
server des traumatismes d’etre constamment en
eveil touchant cette possibility, de porter un diag
nostic rapide par une angiographie et de retablir
vite la circulation par une thrombectomie. Le
catheter-ballon de Fogartv est utile pour enlever
ces caillots fortement adherents de la carotide
interne, meme s’ils sont situes a un point tres
eloigne.
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PATELLECTOMY: A 21-YEAR FOLLOW-UP*
W. J. THOMPSON, M.D., F.R.C.S.fCJt and J. F. SCHWEIGEL, M.D.,t
Vancouver, B.C.
P
is an established form of
therapy in patella or knee-joint disease. One
of the few long-term studies of the effects
of this procedure is West’s 19-year follow
up of 83 patellectomies.1 The present paper,
a 21-year follow-up of 27 patients after
patellectomy, provides a basis for a deci
sion on the following questions, whether
(a) the patella is necessary to protect the
knee joint; (b ) a lag in extension weakens
the knee; (c) knee-joint degeneration is
more frequent after patellectomy.
atellecto m y

R e v ie w o f t h e L it e r a t u r e

In 1877, Cameron2 performed the first
aseptic operation on the patella. That same
year, Lister3 described fracture of the
patella and its repair. In 1909, Heineck4
reviewed 1100 reports of patellar disease
from the French, German and English
literature and concluded that patellectomy
was indicated in compound fractures of the
patella, only as a last resource in com
minuted fractures, and was not indicated in
transverse fractures. His work inhibited the
advocates of patellectomy until 1935. At
this time, Brooke5 described excellent re
sults in 30 patients with fractured patellas
treated by patellectomy. He also claimed to
have demonstrated from cadaver prepara
tions that the efficiency, rapidity of move
ment and power of the knee was increased
following patellectomy. Stimulated by
Brooke’s work, Groves6 carried out further
anatomical studies and concluded that the
most important step in patellectomy after
fractures was suturing of the medial and
lateral expansions.
In 1941, Wiberg7 established that chon
dromalacia was a pathological entity.
Shortly thereafter, Friberg8 described pa
tients with chondromalacia who were
“From the Department of Surgery, Division of
Orthopedics, University of British Columbia, Van
couver, B.C.
i'Clinical Assistant Professor, Division of Ortho
pedics, University of British Columbia.
^Resident in Orthopedic Surgery, University of
British Columbia.

treated by patellectomy with good results.
Not everyone advocated patellectomy. In
1942, Thomson,9 after reviewing 554 patel
lectomies, concluded that whenever pos
sible only partial patellectomy should be
done. Smillie10 stated that patellectomy
gave a lag of extension of 5 to 10°, de
creased the protection of the knee, and
eventually led to degenerative arthritis of
the femoral condyles. De Palma,11 Haxton12
and Cohn13 all advised against patellec
tomy. From their work on cadavers and
experimental animals, they concluded that
degeneration of the femoral condyles in
creased after patellectomy. McKeever,14
seeking to preserve the patella as a func
tioning unit in the quadriceps mechanism,
replaced degenerated or fractured patellas
with a metal prosthesis. In 39 such pro
cedures he had no mechanical failures.
Despite these dissensions, Teal,15 in 1954,
was able to recommend patellectomy as
therapy for recurrent dislocating patella.
In 1958, Shorbe and Dobson16 reported
44 patellectomies and described a method
of closing the defect sometimes left after
patellectomy by utilizing an inverted “V”
of the quadriceps tendon. That same year,
Boucher17 described 76 patellectomies that
he had done in patients 50 years or older,
with an average follow-up of seven years.
The results were good; only three patients
had a permanent lag of extension.
In 1962, Geckeler and Quaranta18 de
scribed 27 patients with patellofemoral
arthritis whom they had treated by patel
lectomy. Based on clinical examinations and
functional activity, 90% of them had fair
to excellent results. That same year, West1
described 83 patellectomies done for chon
dromalacia, advanced osteoarthritis, com
minuted patellar fractures, and recurrent
dislocations of the patella. He reported a
1 to 19-year follow-up in which he ob
tained fair to excellent results in 90% of
these patients.
M eth o d o f S tudy

The records of 27 patients with patel-
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lectomies who had been followed for 21
years were obtained from the records of
Shaughnessy Hospital, Vancouver, British
Columbia. The information was obtained
from two principal sources: (a ) hospital
charts—from
in-patient or out-patient
records, and ( b ) district files—a file of
medical assessments of a pensionable dis
ability.
There were 25 men and 2 women. The
average age of the patients at operation
was 32 years. At operation the oldest pa
tient was 52 and at follow-up the oldest
was 69 years.
Six surgeons performed the patellec
tomies. For the most part, they used a
medial parapatellar or a midline incision.
One patient who had a bilateral patellec
tomy had a horizontal U-incision. The
mechanism of injury was trauma in 15 and
“unknown” in 12.
Those with trauma included seven with
gunshot wounds of the knee and eight who
were injured in falls or car accidents. Those
classed as unknown often gave a history
of having twisted the knee at one time.
E va lu atio n

The patients had periodic examinations
by orthopedic surgeons because of com
plaints related to the knee or for reassess
ment of their pensionable (knee) disabili
ties. It is highly significant that, in over
three-quarters of these patients, the pen
sionable disability was less than 20% . Of
the 27, 24 had a pensionable disability aris
ing from damage to the patella and knee
during active service in the armed forces.
In the 21-year follow-up, the initial grading
of the disability in 3 of these 24 patients
was increased, and in 11 it was decreased.
Over a 21-year period, 21 ( 8 0 % ) had
either no change or a decrease in the initial
disability.
The patients often had subjective com
plaints of pain, weakness or difficulty with
stairs. All had a range of motion of 90° or
more, and one-third had a lag of extension
of 10° or less. Eleven patients ( 4 0% ) had
clinical or radiological evidence of retained
patellar fragments or bony regeneration.
Only one of these required resection of
regenerated bone—seven years after his

Vol. 11

TABLE I.— R e l a t i o n s h i p
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7
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original patellectomy.
In this study, seven patients had de
generation of the knee, on clinical or radio
logical criteria, at some time during their
follow-up. A closer study of these patients
(Table I) shows that the degeneration in
three (Cases 1, 4 and 5) was probably due
to the initial injury and not related to the
patellectomy or its after-effects. In the re
maining four ( Cases 2, 3, 6 and 7), the de
generation was possibly related to patel
lectomy.
R esults

The results in these patients in terms of
clinical examination, pensionable disability,
and functional capabilities, are shown in
Table II.

TABLE II. — R esults of Patellectomy:
21 -Y ear F ollow -U p

Classification

Excellent........................................
Good................................................
Fair.................................................
Poor................................................

Percentage of cases

10
55
27
8

When the results in these 27 patients
were analyzed on the basis of functional
capabilities, 80% had jobs requiring a
moderate amount of standing, walking or
squatting, such as those of carpenter, sales
man, policeman and miner. The remaining
20% had sedentary jobs.
D iscussion

The indications for operation in this study
were comminuted fracture of the patella
and/or chondromalacia of the patella. The
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results of patellectomy for chondromalacia
and fracture of the patella are the same.
In this series, we concluded that: the
patella is not necessary to protect the knee
joint; a lag in extension does not seriously
handicap a person; the incidence of kneejoint degeneration does not increase after
patellectomy.
Su m m a r y

The results of patellectomy have been
analyzed in 27 patients followed for a 21year period. Ninety per cent had no change
or a decrease in their pensionable dis
ability. Ninety per cent were classified as
having fair, good or excellent results ac
cording to symptomatology, loss of knee
motion, and evidence of knee-joint de
generation. Eighty per cent held jobs that
required a moderate amount of walking,
standing or squatting. Four patients had
knee-joint degeneration that could be at
tributed to the after-effects of patellectomy.
On the other hand, the degeneration could
have been a natural progress in these in
dividuals. In the eight patients who had a
lag of extension of 10° or less, seven had
fair to excellent results.
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R esum e
Les auteurs publient les resultats d une etude
catamnestique de 21 ans, portant sur 27 malades
qui avaient subi une patelleetomie pour chondromalacie et fracture comminutive de la rotule. La
blessure etait d’origine traumatique chez 15
malades, demeurait inconnue chez les 12 autres.
La litterature pertinente est passee en revue. Dans
90% des cas en question, les resultats de la patellectomie ont ete consideres connne variant de
bons a excellents, au point de vue de 1’examen
dinique, du degre d’invalidite pouvant donner lieu
a une pension et des possibility fonctionnelles.
Les auteurs concluent en disant ( a ) que la rotule
n’est pas necessaire pour la protection de ^ ’articu
lation du genou, (b ) un defaut d’extension nest
pas un handicap grave et (c ) que la frequence
de la degenerescence de 1’articulation du genou
n’est pas augmentee par l’operation.
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ROTATION-ADVANCEMENT TECHNIQUE IN
UNILATERAL C L E FT LIPS
MARCEL A. DION, M.D., F.R.C.S.[CJ“ and JEAN PARENTEAU, M.D.,f
Montreal, Que.

T he unilateral-cleft-lip deformity has been

corrected using many and varied surgical
techniques. The senior author has been
fortunate to observe the late operative re
sults of the Le Mesurier,1’ 2 Tennison3 and
Millard40 methods of repair. Since June
1964, the Millard procedure, which has
given outstanding results, has been used as
the primary method in 44 children with
unilateral-cleft-lip defects at Ste-Justine
Hospital, Montreal. The principle of this
repair, as described by Millard in 1958,4
is a lip rotation-advancement. The cupid’s
bow and its philtral dimple is present in all
unilateral-cleft-lip deformities. With this
in mind, it is important to preserve these
structures and discard as little soft tissue
as possible during the operation.
T echnique

The rotational incision is initiated at the
imaginary high point of the cupid’s bow
on the medial cleft side. It ascends along
a curvilinear line almost parallel with the
adjacent philtral column and then curves
under the base of the columella, extending
slightly across the philtral midline to allow
the cupid’s bow dimple to drop.
Correction of the short columella on the
cleft side can be obtained by advancing
the upper medial flap into the created
columellar defect, using the remaining tis
sue of this flap across the nasal floor (Fig.

1).
The lateral flap is fashioned and freed
from the maxilla. Its cleft edge is freshened,
preserving as much muscle and mucosa as
possible. The medial advancement of the
flap across the cleft will bring the cleft
alar base with it and fill the rotating gap.
Scar lines are hidden within the nasal
floor, along the nostril sill and in the phil
tral column. With this technique very little
“Department of Surgery, Ste-Justine Hospital,
Montreal, Que.
^Resident in Plastic Surgery, Ste-Justine Hospital,
Montreal.

Fig.-Incisions used in the Millard procedure
for the repair of unilateral cleft lips.

soft tissue is discarded and full use is made
of what is present. The entire cupid’s bow
is preserved and rotated into its normal
position. Advancement of the upper lip
element into the rotation gap maintains
the rotation and at the same time, corrects
the alar flare.
The cleft lip is repaired under general
endotracheal anesthesia when the child is
3 months old. After the operative procedure
the patient is placed in a croupette. The

*
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Fig. 2.—Case 1. (a) Before operation and (b) nine months after operation.

suture line is kept clean with hydrogen
peroxide; to facilitate this, a dressing or
Logan’s bow is not applied.
The silk sutures are removed and “Steristrips” are applied across the wound on the
third postoperative day. As yet, there has
been no disruption or infection of the
wound in these children. The patient is
discharged a few days later.
After several weeks, the scar line con
tracts a little and is responsible for the
notch on the vermilion border. A few
months later, when the scar has matured
and softened, the notch disappears and the
operative result becomes more satisfac
tory (Figs. 2-4).
At Ste-Justine Hospital since 1964, we
have carried out this procedure in 44 chil
dren born with unilateral complete or in

complete cleft-lip deformities. In eight
children this operative technique was also
used for secondary repair of deformities
that remained after an initial repair using
other techniques.
D isc u ssio n

We prefer this method of operative re
pair to any other, for the following reasons:
(1) The distortion of the philtrum is
minimal, particularly at its lower part
where minor deformities are most notice
able.
(2) The nostril on the cleft side can be
narrowed and permanently fixed in a more
normal position.
(3) The columella is lengthened, thus
correcting the most common deformity in

X 1„.

Fig. 3.—Case 2. (a) Before operation and (b) 12 months after operation.
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Fig- 4a
Fig. 4b
Fig. 4.—Case 3. (a) Before operation and (b) nine months after operation.

the cleft-lip patient. The base of the
columella is lifted from the nasal spine and
moved towards the cleft side. The tech
niques of Le Mesurier and Tennison de
stroy the integrity of the lower third of the
philtrum and often leave the nostril floor
wide and distorted.
(4) Because of its simplicity and versa
tility, this technique is adaptable to all
cleft deformities.
(5) The revision of cleft lip that was
previously repaired in an imperfect man
ner is readily completed with this pro
cedure. The scar tissue is resected, the
usual flaps are sketched out and cut, and
the wound is closed in the usual fashion.
Slight imperfections such as edema of
the triangular flaps of the “Z” plasty, and
retraction of the scar have corrected them
selves after six months as the edema sub
sides and the scar tissue softens.
Sum m ary

Between June 1964 and December 1966,
44 infants with complete and incomplete
unilateral cleft lips were repaired at SteJustine Hospital, using the Millard rota
tion-advancement principle.
The ap
parently satisfactory results in these chil
dren are attributed to the versatility and
adaptability of this operative technique.
After completion of the operation, the

nostril on the cleft side has a better con
tour and the philtrum is not distorted in
its lower part. This method has also been
employed in the secondary revision of cleft
lips in eight other children.
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R esu m e
Presentation de 44 cas de fissures labiales
unilaterales completes et incompletes reparees
selon la technique de Millard a l’hopital SainteJustine de juin 1964 a decembre 1966.
Les auteurs se declarent tres satisfaits de la
versatility et de la facilite d’adaptation aux differentes fissures de cette technique, qui permet de
replacer en position presque ideate la narine du
cote de la fissure et de conserver intact le phil
trum a sa partie inferieure.
Huit cas de revisions de cicatrices de fissures
labiales en employant cette technique sont compris
dans la presentation.
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LIPOHYPERPLASIA O F T H E IL E O C E C A L V A L V E *
G. B. E LLIO TT, M.B., B.S., F.C.Path., F.A.C.P., J. T. M. SANDY, M.D.,
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ous synonyms such as “lipomatosis”, “pout
ing ileum”, and “prolapse of the ileum”, it
is none of these. That clinicians and radio
logists are insufficiently aware of the con-

T h e term “lipohyperplasia of the ileocecal

valve” refers to an adipose excess that ex
aggerates the normally protruding rims of
the valve. Although described under vari
TAB LE I.— D a t a
Case
number

Age
(years) Sex

prom

10 P a t ie n t s

w it h

Chief symptoms

L ip o h y p e r p l a s ia of th e I l e o c e c a l V a lv e

Hemoglobin
(g./100 ml.)

Radiological findings

Operation

1

68

F

Recent painless bleeding
per rectum and
flatulence

14 5

Enlarged ileocecal
valve

Local excision
of excess
adiposity

2

61

F

Abdominal cramps with
diarrhea for one day

14 9

Polypoid filling defect
in cecum. Small fluid
levels

Local excision
of fat and
mucosal necro
sis

3

54

F

Constipation and vague
abdominal pain for two
months

13 0

Smooth enlargement of
ileocecal valve

Cecotomy

4

76

F

Recurrent bleeding per
rectum for three years

6 .8

Barium enema
repeatedly negative
apart from sigmoid
diverticula

Initial sigmoid
resection. Sub
sequent total
colectomy.
Ileocecal valve
showed erosion

5

58

F

Recurrent bleeding per
rectum for five years

9. 5

Repeatedly negative.
Finally enlarged cecal
filling defect seen

Resection of
ileocecal
junction

<)

48

F

Cramps and tenderness
in right lower quadrant
for four months. Weight
loss of 15 lb.

13. 8

Persistent smooth fill
ing defect of cecum.
N ot seen one year pre
viously

Resection of
ileocecal
junction

7

57

F

Anemia and weakness
for six years

6 1

Enlarged ileocecal
valve

Cecotom y

8

52

M

Painless bleeding per
rectum and vague pain
in right lower quadrant
for four years

Ovoid enlargement of
ileocecal valve

Right
hemicolectomy

9

74

F

None

Persistent large filling
defect in cecum found
on investigation of pro
cidentia

Local excision
of excess
adiposity

10

83

F

Aching in right lower
quadrant for four
months. Stools positive
for occult blood

“ Tumour of ileocecal
valve”

Local excision

“ From the Departments of Surgery and Pathology,
University of British Columbia and Vancouver
General Hospital, Vancouver, B.C.
Presented at the North Pacific Surgical Meeting,
Portland, Oregon, November 11, 1967.
fDepartment of Radiology, St. Paul’s Hospital,
Vancouver.

13 0

dition is suggested by the fact that we
could not find an illustration or description
of the condition in any standard surgical
text. Nevertheless, it is important that
surgeons should be able to recognize this
condition readily at operation because diag-
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Fig. 1.—Case 1. Barium enema showed a lobulated filling defect at the site of the ileocecal
valve. A streak-like lumen is seen but no ileal reflux, suggesting partial obstruction.

nosis by laparotomy is essential in most
circumstances.
The mucosa of the expanded valves may
be eroded producing melena, which is oc
casionally exsanguinating. T he clinical pic
ture of moderate abdominal distension, and
a large mushroom-shaped, smooth, filling
defect on barium enema mimics a cecal
carcinoma very closely. As a rule an ab
dominal mass is not palpable in lipohyperplasia, and a carcinoma of the same size
may also not be palpable in an obese pa
tient. The condition is sometimes passed
over by pathologists examining fixed speci
mens in which some shrinkage of the valve
has occurred.
In this communication we report 10
patients with such lipohyperplasia, and re
view those characteristic features which
lead to the clinical diagnosis ( Table I ). One
patient with cecal carcinoma that initially
closely mimicked lipohyperplasia is also
described for comparison.
C a se R e p o r t s

Case 1.— A 68-year-old obese woman had

one episode of sudden, painless, dull-red rectal
bleeding. Apart from recent flatulence and a
long history of intolerance to fatty foods, she
had no other symptoms. She was known to

Fig. 2.—Case 1. Repeat barium enema showing
a smooth, round, irreducible filling defect with an
ileal lumen.
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Fig. 3a
Fig. 3b
Fig. 3.—Case 1. At ceeotomy, the protruding cervix-like appearance of lipohyperplasia of the
ileocecal valve is seen.

have cholelithiasis. Her sister had had car
cinoma of the colon.
On abdominal examination no mass could
be felt. She was moderately tender in the right
hypochondrium. No other abnormality was
noted. A barium enema showed a constant
filling defect at the level of the ileocecal valve.
In some respects this simulated a normal valve,
but appeared to be too large. We concluded
that she had a polypoid neoplasm. On repeat
examination two weeks later the filling defect
was unchanged (Figs. 1 and 2).
A laparotomy was done to exclude carcinoma
of the cecum. On palpation the ileocecal valve
seemed to be polypoid, and on ceeotomy a
rosette-like protrusion of dull-red valve was
seen (Fig. 3 ). The soft, yellow excess tissue
was excised and the mucosa repaired. A
mucocele of the gallbladder and three calculi
that were impacted in the cystic duct were also
removed. Subsequent repeat tests of stool for
occult blood were negative. Microscopically,
the tissue from the valve showed normal
mucosa overlying an excess of adipose tissue.
There was no evidence of malignancy. She has
had no return of symptoms in five years of
follow-up.
Case 2.— An obese 68-year-old woman com
plained of recurrent, generalized, spasmodic
abdominal pains accompanied by transient,
loose bowel motions. She had some moreviolent pain and vomiting during the six hours
before admission. No abnormality was found
on examination, apart from some tympanitic
distension with increased bowel sounds.
Several fluid levels were seen on flat plates of

the abdomen (Fig. 4 ). The patient’s symp
toms subsided within a day.
Barium enema then showed a smooth “poly
poid mass” in the cecum about 2.5 cm. in
diameter (Fig. 5). This seemed to be obstruct
ing the lumen because there was no reflux of
barium into the distal ileum. The tentative
radiological diagnosis was adenomatous polyp
or carcinoma. This examination was followed
by an emergency laparotomy during which the
ileocecal valve was found to be firm, thick but
mobile. No other abnormality was noted.
One and one-half centimetres of the thick
fatty tissue of the valve was resected submucosally. Microscopic examination showed
early necrosis of the mucosa overlying the
lipohyperplasia. This woman’s recovery was
slow because persistent symptoms of obstruc
tion required prolonged nasogastric suction.
These symptoms were attributed to edema at
the ileocecal junction. She has had no recur
rence of her symptoms in one year of follow 
up.
Case 3.— An obese 54-year-old woman com
plained only of increasing constipation and
vague generalized abdominal pain during the
two months before admission. She had no
abnormalities on physical examination.
Barium enema showed a smooth polypoid
mass in the cecum. At laparotomy an ir
reducible soft mass was palpated in the cecum.
There was no regional node enlargement. At
ceeotomy a swollen ileocecal valve was found
but no tumour. No other abnormalities were
seen and nothing further was done. In the
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Fig. 4.—Case 2. An upright film showing dilated loops of small bowel with air-fluid levels.

four months since operation she has had no
recurrence of her symptoms.
Case 4.—An obese 76-year-old woman was
admitted to hospital five times over a threeyear period, complaining of episodes of pro
fuse, painless, bright-red rectal bleeding. Re
peated investigation had not identified a defi
nite source of the bleeding. On the second
admission the diagnosis of diverticulitis was
made, and an anterior sigmoid resection done.
She had diverticulosis and a small polyp with
out ulceration. Two years later she was ad
mitted again with severe, painless, intestinal
bleeding and a normochromic anemia with
hemoglobin 6.8 g./lOO ml. No gastrointestinal
lesion was discovered and, after transfusion,
she was discharged.
On her last admission an exploratory
laparotomy was done. Through four colotomies
free blood and clot were seen, but no blood
or clot was found in the small bowel. Because
the source of the bleeding was not identified,
total colectomy was carried out. In the opened
specimen, the ileocecal valve was seen to pro
It was deeply congested, but soft
Fig. 5.—Case 2. Barium enema shows a smooth, trude.
throughout. Superficial mucosal ulcerations
rounded filling defect at the site of the ileocecal were
found posteriorly, with ecchymotic
valve.
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Fig. 6.—Case 4. Section of the ileocecal valve showing adipose tissue separating the mucosa
from the normal protruding rim of circular muscle coat. The ileocecal-mucosal junction is marked
with an arrow.
hemorrhages elsewhere on the lips of the
valve. Submucosal lipohyperplasia was recog
nized on microscopic examination (Fig. 6).
Three intact, benign, sessile, adenomatous
polypi were found scattered along the colon;
none was greater than 3 mm. in diameter and
none was ulcerated. Her symptoms have not
returned in the 10 months since her opera
tion.
Case 5.—An obese 58-year-old woman had
had intermittent rectal bleeding for five years.
Numerous investigations had not identified the
source of the bleeding. Her hemoglobin had
fallen to 9.5 g./lOO ml. An exploratory
laparotomy had given no additional informa
tion. In the four months after operation she
had two more episodes of painless colonic
bleeding, showing as dark blood mixed with
stool. Occult blood was persistently found in
the stool. Barium enema showed a rounded,
smooth filling defect in the cecum. No ab
dominal mass could be palpated. Laparotomy
was felt to be justified. On opening the cecum,
the ileocecal valve was protuberant. Its maxi
mum diameter was 5 cm. and the lips of the
valve were up to 2 cm. The overlying mucosa

was very friable and bled easily on palpation.
No other lesions were found on endoscopy of
the colon up to the splenic flexure. The cecum
was resected and an ileocolic anastomosis
done. Microscopic examination confirmed
lipohyperplasia of the valve. On follow-up, her
symptoms have not recurred in six years.
Case 6.—A 48-year-old woman complained
that she had lost 15 lb. over the previous two
months, although she had not been on a diet.
Over the previous four months she had a
vague history of abdominal cramping, with
blood in the stools and marked diarrhea. On
examination she was well nourished, and had a
hemoglobin of 13.8 g./lOO ml. There was
some tenderness in the right iliac fossa. On
examination of the abdomen, no mass was
palpable. On barium enema a large, rounded,
filling defect was seen in the cecum on three
separate examinations. Barium enema one year
previously had not shown this lesion. At ex
ploratory laparotomy, the ileocecal valve was
protuberant, pink and doughy. On the opera
tive notes it was graphically described as
similar to “prolapsing hemorrhoids”. Four
inches of terminal and two inches of ascend-
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ing colon and cecum were resected. Micro
scopic examination confirmed the diagnosis of
“benign lipohyperplasia of the valve”. The
patient has remained symptom-free for nine
years.

tumour of the ileocecal valve. At exploratory
laparotomy lipohyperplasia of the valve was
discovered. The protuberant lips of the valve
were excised. Her complaints had not returned
in two years of follow-up.

Case 7 .— A 57-year-old woman weighing
242 lb. came to us complaining of a feeling of
generalized weakness with exertional dyspnea.
Over the previous six years she had suffered
from an unexplained hypochromic, microcytic
anemia with a hemoglobin as low as 6.1 g./lOO
ml. At the time of investigation her stools were
strongly positive for occult blood, but there
were no other abnormalities. A smooth en
largement of the ileocecal valve seen on
barium enema was thought to represent benign
lipohyperplasia. Subsequent microscopic ex
amination of a biopsy specimen obtained at
laparotomy confirmed this diagnosis. No other
procedure was carried out apart from the
cecotomy. This patient has been lost to follow
up.

C ase 1 1 .— An 84-year-old woman who
weighed over 250 lb. complained that, over
the previous year, she had had a feeling of
weakness and fainting. On occasion she had
noticed tarry stools. On examination no mass
could be felt. Her hemoglobin was 8.8 g./lOO
ml. and she had evidence of hypochromic

C ase 8 .— A 52-year-old man had a fouryear history of painless intermittent passage
of dark-red blood mixed with feces. He had
also had occasional attacks of vague right
lower-quadrant abdominal pain that suggested
intussusception. Barium enema showed an
ovoid, smooth mass at the ileocecal valve. At
laparotomy this was seen to be a protruding
ileocecal valve, the doughy lips of which were
up to 1.5 cm. thick. The terminal 40 cm. of the
ileum and the first 14 cm. of colon were re
sected. Microscopically, the lipohyperplasia
consisted of excessive submucosal adipose tis
sue surrounding the normal protrusion of cir
cular muscle. This man’s symptoms have not
recurred in the nine years since operation.
C ase 9.— During investigation of prociden
tia, a rounded filling defect was seen in the
cecum of a 74-year-old woman on barium
enema, in three separate examinations. She
did not have anemia. At exploratory
laparotomy, the ileocecal valve was enlarged
and doughy. Four portions of the excess adi
pose tissue were excised from the lips of the
valve. These showed lipohyperplasia on micro
scopy. The patient has not developed any
symptoms referable to the condition in the
seven years following operation.
C ase 10.— An 83-year-old woman com
plained of vague aching in her right lower
quadrant. There was occult blood in the
stools. Barium enema showed an apparent

Fig. 7.—Case 11. Air-contrast barium enema
showing a smooth enlargement of the ileocecal
valve with barium filling the termination of the
ileum. Six months later the lesion was shown to be
an infiltrating mucin-secreting carcinoma, which
had mimicked lipohyperplasia of the ileocecal
valve.
microcytic anemia. Barium enema showed a
smooth, rounded filling defect in the region
of the ileocecal valve, and an apparent lumen
(Fig. 7); the lesion was thought to represent a
benign lipohyperplasia. Her symptoms per
sisted for six months and a repeat barium
enema showed the craggy, irregular outline of
a neoplasm in the same site. Right hemi-
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colectomy was carried out. The lesion was an
infiltrating, mucin-secreting, papillary adeno
carcinoma at the ileocecal valve.
D iscussio n

The ileocecal valve has a slit-like open
ing between protruding upper and lower
lips. Radiologists search for it in oblique
views because, from the en face and profile
appearances, they are able to recognize the
structure readily. In 90% of the individuals
in Hinkel’s series,1 the valve was seen and
lay posteromedially, and in the remaining
10% it was situated posteriorly. Anomalous
posterolateral position is very rare.2 Visua
lization is increased significantly by com
pression of the area.
Zettergren3 has reported the only exten
sive investigation to date on the distribution
of normal fatty tissue in the intestines. The
anatomic protrusion of the ileocecal valve
centres upon a normal rim-like extension
of the inner circular muscle coat. In this
site, a small amount of unencapsulated
adipose tissue is normally found between
the muscularis and the mucosa. This tissue
tapers off in both directions a few centi
metres from the valve. There is no con
nection with subserosal fatty tissue, even
when both are increased. Obese patients
often have adipose excess in the valve sur
rounding this core of circular muscle. The
fat cells radiate in columns from it along
fine, anchoring fibrous septa. Such adipose
tissue is concentrically disposed around the
lumen. It is indistinguishable from depot
fatty tissue elsewhere in the body.4 This
adiposity has sometimes been described
erroneously as “early intussusception”.
Lipohyperplasia of the ileocecal valve
may be clinically silent. Perkel and Troast5
found 19 instances in 1100 consecutive
barium enema examinations. The symptoms
that disclose its presence include: bleeding
following mucosal erosion,0 recurrent eruc
tation and vague cramping with diarrhea7
due to partial mechanical obstruction.3
These symptoms often appear first when an
obese patient, typically a woman over 45
years of age, begins to lose weight. As in
this series, men are seldom affected. Com
plete obstruction does not occur. Castleman8 has suggested that symptoms may be
due to intermittent colocolic intussuscep
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tion. However, this view has not been con
firmed. One clinical characteristic of this
syndrome is that a mass is almost never pal
pated on abdominal examination, unlike a
carcinoma of the same size, although the
large filling defect on the radiographs may
lead the examiner to expect a palpable
mass.
The radiological appearance is typically
that of a smooth, oval mass, sometimes
mushroom-like resembling an open um
brella. The surface is never craggy as in
carcinoma. This leads to the radiological
diagnosis of a polyp5 because no evidence
of mucosal destruction is seen.9 Often the
lumen of the valve shows as a central “star”
or slit with radiating folds. Hinkel1 noted
that invaginated ileal mucosa “tends to be
more wrinkled, puckered, and finely granu
lar than colonic”. An air-contrast enema or
catharsis exaggerates the radiologic defect.
According to Lasser and Rigler,10 if either
lip of the valve measures more than 1.5
cm. in thickness, it is outside the normal
range. For the defect produced by the
whole valve, Hinkel considered 4 cm. to be
the upper limit of normal.
Fleischner and Rernstein2 do not believe
that a plump ileocecal valve can be dis
tinguished from prolapse of the ileal
mucosa, unless the filling defect made by
the prolapsed mucosa changes in size or
shape during examination, or disappears
completely on expulsion of the enema.11 In
one patient described by Hulten,7 the
radiographic defect produced by lipohy
perplasia slowly disappeared in serial ob
servations over an eight-year period. In the
differential radiologic diagnosis, Perkel and
Troast5 note that “intussusception usually
shows a typical cone-shaped defect with
transverse markings and widened lumen”.
The inverted appendiceal stump mimics
lipohyperplasia but is seen at a site other
than that of the valve. Even at laparotomy
the mass may be vague, softly lobulated, or
often not felt at all. However, on opening
the cecum it appears typically like a “boggy
protruding reddened cervix”12 or more
graphically resembles prolapsing hemor
rhoids.
Although various synonyms have been
used for the condition, the lesion is not a
lipoma and on tracing its mucosal cover-
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ings it is not a prolapse. Wiener and
Polayes13 reviewed 259 reports of true
lipoma involving all parts of the gastro
intestinal tract and found only nine involv
ing the ileocecal region; of these, only three
were at the valve. Both Lasser and Rigler10
and Hinkel1 emphasized the low incidence
of malignant lesions of the ileocecal valve
per se. We oppose perpetuation of the
term “lipomatosis” of ileocecal valve. It
ought to be abandoned. It is, as Zettergren3
states, a lipohyperplasia.
Carcinomas of the ileocecal valve are
uncommon. However, if they produce
tumour mucin, their surface may show as
a smooth, rounded oval in the earlier
phases, as in our Case 11.
T reatm ent

We agree with Hulten7 that patients
with symptoms that are considered to be
referable to an enlarged ileocecal valve
should have exploratory laparotomy. As
Case 11 illustrates one cannot be certain
radiologically that the lesion is not a car
cinoma with smooth outlines. Unfortu
nately, the symptoms associated with lipo
hyperplasia of the valve are not distinctive.
When the cecum is directly palpated, the
fatty valve may feel lobulated. Cecotomy
is essential for proper inspection.
As shown in this series, surgical manage
ment varies considerably. Ideally, if the
patient has not bled, no treatment may be
necessary. Those patients who have per
sistent painless bleeding and severe
anemia, should have excision. Right hemi
colectomy with end-to-end anastomosis and
resection of the ileocecal junction have
been equally satisfactory. Patients with
evidence of mild obstruction also do well
after the above treatment. Another option
in operative treatment is submucosal ex
cision of adipose tissue and reconstruction
of the valve.
In our Case 2, obstruction that persisted
after operation was presumably due to
edema of the valve. One dilemma asso
ciated with this syndrome is illustrated in
Case 4 where the cause of severe, lower,
gastrointestinal-tract bleeding was not
demonstrated during exploratory laparo
tomy in two different hospitals. Barium
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enemas at both these institutions had been
of no assistance. As a consequence, total
colectomy was done to control the massive
bleeding. With the bleaching and shrinkage
of the specimen that followed fixation, the
significance of the lesion was not recog
nized initially in the pathology laboratory.
When bleeding is the chief problem, ex
ploratory operation is best performed dur
ing an acute episode—a rule which holds
for nearly all bleeding lesions of the gastro
intestinal tract.
Su m m a r y

Lipohyperplasia of the ileocecal valve is
not adequately described in the surgical
literature. It is a local manifestation of
generalized obesity and may produce a
number of symptoms, such as intestinal
bleeding or partial intestinal obstruction.
The enlarged bowel is usually not palpated
through the abdominal wall and may be
seen as an ill-defined doughy mass on ex
ploratory laparotomy. Tbe radiographic
filling defect in the cecum is smooth, mush
room or doughnut-like, and is located in
the posteromedial position which is most
characteristic of the ileocecal valve. The
upper limits of normal size for the valve
are 4 cm. in maximum diameter, and 1.5
cm. thickness as seen in profile. If these
limits are exceeded because of the presence
of a carcinoma, the examiner should ex
pect to encounter a palpable abdominal
mass. In some instances, mucosal erosion
or mild obstructive symptoms raise further
the clinical suspicion of malignancy. In
the gross, the protrusion resembles a soft,
yellowish-red, edematous cervix or prolaps
ing hemorrhoids.
The normal microanatomy of the valve
and radiologic differential diagnosis of
lipohyperplasia are described. Radiologic
ally some carcinomas may be indistin
guishable from a hyperplastic ileocecal
valve. Because the final diagnosis is usually
made during an exploratory laparotomy and
cecotomy, it is essential that surgeons be
familiar with the gross appearances of this
condition.
We are grateful for clinical information on
these cases to Drs. W. E. Austin, J. A. Ganshorn,
H. Laimon, W. A. Morton, G. McCullough, A. D.
McKenzie, T. R. Sarjeant and Roger Wilson.
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POSITIVE SMEARS IN PREVIOUSLY
SCREENED PATIENTS
A small number of positive smears for
uterine cancer were found among previously
screened patients. Since cytologic study is not
a measure for cancer prevention, this finding
should be expected. However, the majority of
patients in this small group had very early
cancers, so the merit of cytodiagnosis in detect
ing early cancer is undeniable.
Regardless of the mode of carcinogenesis,
the importance of periodic examinations can
not be overemphasized. Because endometrium
is not characterized by a process of continuous
exfoliation as are cervical and vaginal mucosa,
high-risk post-menopausal women must be
followed closely for abnormal endometrial
cells. Uterine sounding to insure patency of the
cervical canal should be used routinely before
cytologic examination.
The optimal time interval for periodic ex
aminations must be established. While sympto

R esume
La litterature chirurgicale ne decrit pas toujours
de fagon satisfaisante la lipohyperplasie de la
valvule ileocecale. II s’agit somme toute d’une
manifestation locale d’une obesite generalisee qui
peut donner naissance a un certain nombre de
symptomes, par ex. hemorragie intestinale ou o c 
clusion intestinale partielle. La palpation de la
paroi abdominale ne permet generalement pas de
localiser le gonflement intestinal qui, a la laparotomie exploratrice, peut etre vu comme une masse
pateuse a contours flous. A la radiographie, le
vice de remplissage du cecum se presente sous
forme d’un champignon ou d’un beignet et est
situe en position postero-mediane qui est la
localisation la plus frequente de la valvule ileoce
cale. Les limites superieures des dimensions
normales de la valvule sont 4 cm. de diametre
maximum et 1.5 cm. d’epaisseur en vue de profil.
Quand ces limites sont depassees par suite de la
presence d’un cancer, 1’examinateur doit s’attendre
a trouver une masse abdominale palpable. En
certains cas. l’erosion de la muqueuse ou des
symptomes d’occlusion mineure augmentent encore
l’impression clinique d’un neoplasme. M acroscopiquement, la protrusion ressemble a un col
uterin mou, de couleur rouge-jaunatre et edematie
ou a un paquet hemorroidaire en prolapsus.
Les auteurs rappellent la micro-anatomie
normale de la valvule et les diagnostics differentiels radiologiques. Certains cancers ne peuvent
etre distingues, au point de vue radiologique,
d’une valvule ileooecale hyperplasique. Etant
donne que le diagnostic ultime est generalement
pose au moment de la laparotomie exploratrice et
de la cecotomie, il est indispensable que les
chirurgiens soient familiers avec l’apparence
macroscopique de cette pathologie.

matic patients are examined frequently, com
pletely negative patients should not be re
screened within a 12-month interval. The
benefits of cytologic screening should not be
limited to those patients who are attended by
physicians.
From the fact that, for every patient
screened for the first time, two patients have
returned for rescreening, it is concluded that
the main purpose of the present program of
cytologic study has been to rule out cancer in
the already screened patients rather than to
find cancer among the previously unscreened.
The. incidence of uterine cancer in the yet
unscreened population seems to be rising.
Since the ideal application of cytologic ex
amination is finding cancer, emphasis must
now be placed on screening the maximum
number of new patients that the available
personnel and facilities can handle.— Liu, W .:
Positive smears in previously screened patients
(certain cytologic findings of public health
importance), Acta Cytol., 11: 193, 1967.
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REVIEW ARTICLE
INTRAMURAL IN T ESTIN A L H EM ORRH AGE AND
EN TERO C O LO N IC VASCULAR OCCLUSION : A R E V IE W 0
L. B. COSTOPOULOS, M .D .,t J. E. ANSELMO, M.D., F.R .C.S.fC],*
H. T. DEBAS, M.D.§ and R. C. HARRISON, M.D., F.R.C.S.[C], F .A .C .S .J

Edmonton, Alta, and Vancouver, B.C.
T hese two separate entities, intramural in
testinal hemorrhage and enterocolonic
vascular occlusion, are considered together
because they resemble each other clinically.
The radiologist, surgeon and pathologist
may have difficulty in making the correct
diagnosis, and either condition may mimic
the acute inflammations, the chronic
granulomas and neoplasms of the bowel.
Although intramural intestinal hemor
rhage (bleeding into the bowel wall) was
described long ago, it has become much
more common since long-term anticoagu
lant therapy was introduced.1 According to
Rainie,2 m ajor bleeding occurs in 2 to 3%
of people on long-term anticoagulant ther
apy. However, most of these patients have
a history of trauma, even those who are on
anticoagulants.2 In addition to intramural
hemorrhage, they may bleed into the
mesentery, the lumen of the bowel, and
the retroperitoneal structures or the peri
toneal cavity. Pathological intramural
bleeding may also develop in patients with
hemophilia, idiopathic thrombocytopenic
purpura, Henoch’s purpura and the lympho
blastomas.4 The small or large bowel may
be involved. Duodenal intramural hemor
rhage may be associated with pancreatitis
but it is not clear whether this is the cause
or effect.2
“From the Departments of Radiology and Surgery,
University of Alberta Hospital, Edmonton, Alta,
and the Departments of Surgery, Vancouver
General and Shaughnessy Hospitals, Vancouver,
B.C.
Presented at the Annual Meeting of the Royal
College of Physicians and Surgeons of Canada,
Ottawa, Ont., January 1967.
vDepartment of Radiology, University of Alberta
Hospital, Edmonton.
•tDepartment of Surgery, University of Alberta
Hospital, Edmonton.
8 Department of Surgery, Shaughnessy Hospital,
Vancouver.
^Department of Surgery, Vancouver General Hos
pital, Vancouver.

In addition to the well-known entities—
superior and inferior-mesenteric-artery oc
clusion due to thrombosis and embolism—
there are a number of other variations on
the same theme. The term “enterocolonic
vascular occlusion” has been suggested to
embrace all of them. The other variations
are due to occlusion of multiple, more peri
pheral mesenteric arteries, usually by
emboli of atheromatous origin or inter
ference with bowel function or structure
because of inadequate perfusion in the
absence of organic arterial obstruction. The
clinical picture depends on the degree of
dysfunction that follows vascular insuffi
ciency and varies from loss of peristalsis,
through mucosal ulceration to gangrene
with perforation.
I ntramural I ntestinal H emorrhage :
I llustrative C ase R eports

Case 1.— A.D., a 75-year-old man, had a
myocardial infarction in 1954 and, in spite of
anticoagulant therapy, had a second infarction
in 1956. He had taken digitalis because of
congestive heart failure and auricular fibrilla
tion. Thirty-six hours before admission he was
awakened by generalized abdominal pain
followed by vomiting. When he was examined
at home, a few hours later, the abdominal
findings were minimal but, over the next 24
hours, he gradually became worse and was
admitted to hospital. He was fibrillating but
not in congestive failure. There was moderate
tenderness and guarding in both lower
quadrants of the abdomen. Beyond the femoral
region, the peripheral pulses in the lower
extremities were not palpable. The. hemoglobin
was normal, the white blood cell count was
15,000/c.mm., the urine contained 10 to 20
red blood cells per high-power field. A pro
thrombin determination was ordered. Plain
films of the abdomen showed slight dilatation
of the proximal jejunal loops with air-fluid
levels. The preoperative differential diagnosis
was mesenteric embolus, mesenteric throm
bosis, acute appendicitis or pathological bleed-
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ing due to coumarin therapy. Because a mesen
teric embolus was the most likely diagnosis,
the patient was taken to the operating room
a few hours later. At laparotomy there was a
small amount o f old blood in the peritoneal
cavity. The proximal two feet of the jejunum
were normal but the next 18 inches appeared
gangrenous. Both the involved bowel and the
mesentery appeared more edematous than is
usual in infarction; the remainder of the
bowel was normal. The involved bowel was
not that appropriate to the usual anatomical
distribution of superior-mesenteric-artery oc
clusion but the root o f the artery was exposed
to exclude this possibility. A more localized
mesenteric occlusion was considered, but this
could not be confirmed or refuted because of
the marked edema of the mesentery. A local
resection was performed and an end-to-end
anastomosis done. As the. bowel was resected,
it was apparent that both the arterial and
venous vessels were not occluded. The re
sected specimen showed hemorrhage with
marked secondary edema in all layers o f the
bowel and the mesentery. Microscopically,
blood had extravasated beneath the sub
mucosa and between the muscle layers.
Grossly and microscopically the bow el ap
peared to be necrotic. The preoperative pro
thrombin determination obtained the follow 
ing day was less than 10% of normal. H e had
been given vitamin K, before operation and
the prothrombin time was 25% o f normal the
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Fig. 1.—Case 2. Barium enema demonstrating
narrowing of the sigmoid and descending colon.

morning after operation. T he patient recovered
without complications.
Several days after operation he recalled
that a few days before admission he had
slipped on a ladder and had hurt himself
slightly.
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Case 2.— A.T. had had a myocardial in
farction five years before his admission and
had been on anticoagulants since. Two weeks
earlier he had developed back pain and, just
before admission, lower abdominal pain of
moderate severity began which increased and
became generalized. He was dehydrated,
hypotensive and in shock. His blood pressure
was 8 5 /6 0 mm. Hg and his pulse 84/min.
The abdomen was grossly distended with gen
eralized tenderness. His hemoglobin was 14
g./lOO m l, white blood count 22,000/e.mm.,
blood urea nitrogen 85 mg./lOO ml., and the
prothrombin determination was 17% of normal.
Plain films of the abdomen showed a diffuse
“reflex ileus”, and barium enema demonstrated
narrowing of the sigmoid and distal descending
colon (Fig. 1). On the following day an upper
gastrointestinal series showed distinct “thumb
printing” along the superior border of the
proximal jejunum suggesting intramural in
testinal hemorrhage (Fig. 2 ). With vitamin
K1; fluid and blood replacement his condition
improved. Two days after admission he de
veloped a cardiac arrest and could not be
resuscitated. At post mortem, he was found to
have an old posterior infarct and a small
recent infarct. There was massive retroperi
toneal hemorrhage in the region of the right
kidney, bleeding into the mesentery of the
bowel, and intramural hemorrhage involving
the small intestine and colon in the areas
demonstrated radiologically. The bowel was
not gangrenous. No history of trauma had
been elicited.
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Fig. 3.—Case 3. Plain films o f the abdomen
showing marked gaseous distension of the proxi
mal jejunum with thumb-prints along the medial
border of a small-bowel loop in the right upper
quadrant.

findings disappeared, and although his initial
bowel movements contained occult blood, he
eventually made a complete recovery.

Case 3.— W.R., an 18-year-old man, was
admitted a few hours after an automobile
accident. Ten days later he developed in
complete small-bowel obstruction. Plain films
of the abdomen demonstrated marked gaseous
distension of the proximal jejunum with
“thumb-prints” (Fig. 3 ). Thumb-printing was
also seen on examination of the small bowel
with diatrizoate methylglucamine 76% (Gastrografin). With conservative treatment, he made
a good recovery.
Case 4.— T.C., another 18-year-old, was
also admitted following an automobile acci
dent. In addition to a fracture-dislocation of
the left hip and a hemopneumothorax, he com
plained of abdominal pain. He was tender in
the right upper quadrant and had increased
bowel sounds. An upper gastrointestinal series
demonstrated extrinsic pressure along the
medial aspect of the descending duodenum
and considerable alteration in the mucosal
folds of the proximal jejunum, with a spike
like configuration (Fig. 4). The abdominal

Fig. 4.—Case 4. Upper gastrointestinal series
demonstrating extrinsic pressure on the medial
border of the descending duodenum and mucosal
alteration of the proximal jejunum with a
“ stacked-coin” appearance.
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E n t e r o c o l o n ic V a s c u l a r O c c l u s io n :
I l l u s t r a t iv e C a se R eports

The wide spectrum o f clinical presenta
tions in enterocolonic vascular occlusion is
illustrated b y the follow ing cases.

Case 5.

— G.S., a 67-year-old man, was ad
mitted with large-bowel obstruction. Blood
was found on rectal examination. A barium
enema showed diverticulae with a narrow
irregular segment in the mid-sigmoid colon.
The preoperative differential diagnosis was
diverticulitis, carcinoma or ulcerative colitis.
A transverse colostomy was clone through a
small laparotomy wound. However, he de
veloped peritonitis and had to be explored a
second time six days later. Although the
mesenteric vessels appeared normal, the sig
moid colon was gangrenous. It was resected
and both ends were exteriorized. It was also
noted at operation that he had an aortic
aneurysm. The patient died several weeks later
and post mortem was not obtained. There were
patchy areas of gangrene in the resected
specimen and, on microscopic examination,
numerous small and medium-sized blood
vessels were occluded by amorphous eosino
philic material with cholesterol clefts, which
suggested atheromatous emboli (Fig. 5 ).

Fig. 5.—Case 5. Submucosal blood vessels show
ing an atheromatous embolus in a small artery.
Note the dilated veins, one of which contains a
thrombus.
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Comment

.— Emboli arising from more proxi
mal atheromatous plaques are being recognized
with increasing frequency as one of the causes
of atypical mesenteric occlusion.6 As this pa
tient was, these are usually elderly men with
other evidence of arteriosclerosis either on
history or examination. The situation at
operation can be confusing because it is the
distal vessels that are usually occluded and
the mesenteric vessels may have normal
pulsations in their more proximal portion.
In a recent series the vessels were found to be
patent at post mortem in half the cases.7
Arteriography done on the operating table
would clarify some of these obscure vascular
lesions of the bowel.

Case 6.

— A.C., a 75-year-old man, was ad
mitted with a 24-hour history of acute ab
dominal pain and one episode of vomiting.
He suffered from angina pectoris and had
been on digitalis for some years. There was
epigastric tenderness and some increase in ab
dominal tone over the whole abdomen, more
marked in the left lower quadrant. On rectal
examination, there was bright-red blood on
the examining finger. The bowel sounds were
increased and high pitched. His leukocyte
count was 19,000/c.mm., hemoglobin 15
g./lOO ml. and the urinalysis was normal. A
barium enema demonstrated thumb-printing
along the descending and distal transverse
colon (Fig. 6 ). His pain and abdominal find
ings increased and he was operated on the
following day. At operation, there was a
moderate amount of serosanguinous fluid in
the abdomen and, from a point just distal to
the splenic flexure to the rectosigmoid, the
colon was grossly edematous with hemorrhagic
patches on the mesenteric border. When the
inferior mesenteric artery was exposed, it had
a normal pulse and branches of the
artery were also pulsating. Although vas
cular impairment had obviously occurred,
the bowel appeared to be viable and hence
was not resected. The abdominal wound was
closed and the patient returned to the ward.
Postoperatively, antibiotics were administered
and, although anticoagulants were considered,
they were not administered. The patient
continued to have abdominal pain and de
veloped bloody, foul-smelling diarrhea. A
repeat barium enema 15 days later demon
strated a large ulcer in the region of the splenic
flexure (Fig. 7). The previously described
areas of thumb-printing had disappeared.
The patient deteriorated and died 15 days
after his illness began.
At post mortem, the descending colon was
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black, but the serosa was smooth and glisten
ing. Two small perforations were seen at the
splenic flexure and the peritoneal cavity con
tained a small amount of reddish-brown fluid.
When it was opened, the large bowel appeared
normal except for the descending colon from
which most of the mucosa had sloughed. The
inferior mesenteric artery was dissected from
its origin throughout its whole length and no
obstruction was demonstrated. The inferior
mesenteric vein was also patent throughout.
Microscopic sections of the involved portion
of the colon showed mucosal infarction and
a marked inflammatory reaction.
Comment.—This man probably had infarc
tion secondary to a reduced mesenteric per
fusion or occlusion of the smaller vessels by
atheromatous emboli, which were not identi
fied on microscopic examination. Gangrene
does not develop in these patients if their col
lateral supply is adequate. When it does de
velop, it is most commonly in the region of
the splenic flexure or sigmoid colon where the
flow in the marginal vessels is most precarious.
The next two patients did not have
gangrene, but simply an interference with
Fig. 6.—Case 6. Barium enema demonstrating bowel function.
thumb-printing along the descending and distal
transverse colon.
Case 7.—W.K.B., a 73-year-old man, had an
old hemiplegia and his left leg had been
amputated for arteriosclerotic gangrene five
years before. He was transferred from a
chronic hospital with a five-day history of
large-bowel obstruction. Although there was
marked distension of the cecum, ascending
and transverse colon, no intrinsic lesion was
demonstrated in the splenic flexure on barium
enema. At laparotomy the descending and
sigmoid colon were cyanotic but not gangren
ous. A transverse colostomy was done but he
died six weeks later from a lung abscess and
bilateral pneumonia. At autopsy the origin of
the inferior mesenteric artery was almost oc
cluded by adjacent atheromatous changes in
the aorta. On microscopic examination, old
and fresh thrombus was found near the origin
of the mesenteric artery. The bowel distal to
the colostomy was collapsed and pale, but
appeared normal on histological study.
Comment.—The occlusion of the inferior
mesenteric artery in this case did not result
in gangrene, presumably because the collateral
circulation was sufficient to preserve bowel
structure. It was not sufficient, however, to
sustain normal peristaltic function and the
Fig. 7.—Case 6. Barium enema demonstrating a adynamic segment that developed produced
large ulcer in the region of the splenic flexure. a picture of obstruction at the splenic flexure.
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If the patient had survived, bowel function
would probably have returned eventually.
C ase 8.— S.L., an 89-year-old man, was ad
mitted with pneumonia and congestive heart
failure. Soon after admission he developed
large-bowel obstruction and an emergency
barium enema showed persistent narrowing
of the splenic flexure. When the transverse
colostomy was done, the descending and sig
moid colon appeared normal. He died a few
hours after operation. At autopsy, an old and
a recent myocardial infarct were found. The
colon was markedly distended as far as the
splenic flexure where it narrowed abruptly.
There was no gross or microscopic evidence
of bowel infarction, but the inferior mesenteric
artery was occluded by an old thrombus.
C om m en t.— When the cardiac output is in
adequate, mesenteric flow and perfusion is
reduced to maintain coronary and cerebral
flow, and the reduction in mesenteric perfusion
can lead to bowel ischemia. It is probable that
a marginal reduction in perfusion does not
alter the appearance of the bowel, but it does
render the bowel incapable of effective peri
stalsis.8 The functional obstruction of the colon
in this man was thought to be due to the old
inferior-mesenteric-artery occlusion. Because
of the previous thrombus, sufficient collateral
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circulation had probably developed to preserve
bowel structure but not function when, with
cardiac failure and pneumonia, tissue perfusion
was reduced further. Once again function
probably would have returned within a short
time if the patient had survived.

The last two cases and several others like
them, which we have not described,
illustrate how vague and ill-defined the
clinical presentations may be. We suspect
that many elderly patients with these
lesions leave hospital without anyone sus
pecting that their symptoms are due to
vascular dysfunction. Because the left
colon is most frequently affected, diver
ticulitis is often suspected.
C ase 9.— J.M., a 75-year-old man, was ad
mitted with a nine-hour history of steady,
severe periumbilical pain that wakened him.
Previously he had had a cerebrovascular acci
dent and was fibrillating. On abdominal exam
ination, he had diffuse tenderness above the
umbilicus with increased muscular tone in
these areas. His hemoglobin was normal, his
leukocyte count slightly elevated and his urine
clear. There was occult blood in the stools.
Electrocardiographic findings were compatible
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with an old myocardial infarction and con D iscussion
firmed the fibrillation. The clinical picture was
that of partial bowel obstruction with some A wide spectrum of small and largeperitoneal irritation. A barium enema soon bowel disease has been reproduced experi
after admission demonstrated distinct filling mentally by occluding mesenteric vessels
defects along the lateral border of the sigmoid with microspheres of various sizes." When
colon. Two days later radiographs of the the occlusion is slight and the bowel re
small bowel demonstrated marked rigidity, covers, there is only intestinal spasm and
narrowing and separation of the middle
of propulsion. Larger microspheres in
jejunal loops. There was distinct thickening of loss
duce
hemorrhage and edema,
the mucosal folds and a parallel arrangement some submucosal
bleeding
into
the lumen and subse
that gave a “stacked-coin” appearance (Fig. quently mucosal ulceration.
a few
8). He improved clinically with supportive days, this ulceration heals withWithin
some
degree
treatment. On re-examination of the large and
small bowel three weeks later, no abnormality of stenosis. If the blood supply is com
was seen.
promised further, frank gangrene develops.
In these experimental studies, the radio
Case 10.—W.C., a 61-year-old man, de logical appearances seen in human mesen
veloped pain on the right side of the abdomen teric vascular occlusion were reproduced
several days before admission. This became with considerable accuracy.
more generalized just before he was admitted.
Many terms have been applied to these
There was tenderness in the right upper conditions, all of which describe various
quadrant with some guarding. The admission degrees of vascular insufficiency of the
hemoglobin, leukocyte count, urinalysis, serum
Complete infarction has been called
amylase and serum bilirubin were normal. A bowel.
“necrotic
jejunitis”, “infarction of the
barium enema demonstrated multiple marginal colon”, “segmental
infarction”, “inferiorfilling defects along the descending and trans mesenteric-artery occlusion”,
“gangrene of
verse colon (Fig. 9). With supportive treat
the
colon”,
“necrotizing
colitis”,
and the
ment he recovered. Re-examination of the
familiar “superior-mesenteric-artery oc
colon three weeks later was normal.
clusion”. Reversible infarction has been
called “ischemic colitis”,10 “reversible vascu
lar occlusion”, “ischemic enterocolitis”,11
“segmental colitis” and “acute enterocolitis”.
When secondary stenosis develops, the
terms “ideopathic stenosis” or “benign
stenosis of the colon” have been applied.
These many ramifications are included
under the term “enterocolonic vascular oc
clusion”.
Undoubtedly some of these vascular
lesions have been incorrectly diagnosed as
localized Crohn’s disease or ulcerative
colitis. Possibly pseudomembranous entero
colitis, B. Welchii colitis, and stercoral or
“simple” ulcer of the colon all have a vascu
lar origin.12 Bacterial invasion of the gut
wall promptly follows ulceration and may
progress to septicemia, further confusing
the clinical picture.
C linical

and

R adiographic F eatures

In both intramural intestinal hemorrhage
and
enterocolonic vascular occlusion, there
Fig. 9.—Case 10. Barium enema showing
multiple filling defects along the descending and is abdominal pain and evidence of partial
transverse colon.
or complete obstruction, with varying

April 1968

INTESTINAL HEM ORRHAGE AN D OCCLUSION

195

Fig. 10.—Upper gastrointestinal series showing mucosal changes with a stacked-coin appearance
(arrow).

degrees of abdominal tenderness. There
may be blood in the stool. A history of
trauma can usually be elicited from pa
tients with intramural hemorrhage. If there
is a large hemorrhage in the mesentery,
there may be a palpable mass. In vascular
occlusion, the subsequent course is ex
tremely variable depending on whether
there is only a loss of function, mucosal
ulceration, stenosis, or frank gangrene.
In patients with intramural intestinal
hemorrhage or vascular occlusion, plain
roentgenograms of the abdomen may show
evidence of obstruction. If obstruction
follows vascular occlusion, it is most com 
monly found at the splenic flexure, as it is
here that the blood supply is most fre
quently compromised.13 The involved
bowel may show marginal defects outlined
by gas, so-called thumb-printing (Fig.
3 ).14 If the small bowel is involved, an
upper barium study may again show
thumb-printing or intraluminal defects, socalled “pseudotumours” (Fig. 2). Occasion

ally, transient intussusception may develop.
Often the lumen is narrowed in partial ob
struction, and uncoiled loops with the
thickened valvulae conniventes produce
the characteristic stacked-coin appearance
(Figs. 4, 8 and 10).10 Concomitant bleed
ing in intramural intestinal hemorrhage
may separate adjacent bowel loops, and
the mucosal folds along the mesenteric
border may be flattened by extrinsic pres
sure. The barium enema may show thumb
printing (Figs. 6 and 11) or pseudotumour.
Simple or multiple ulcers may occasionally
be demonstrated (Fig. 7) and, if healing
has occurred, stenosis (Fig. 12). The radiographic picture may also resemble seg
mental ulcerative colitis. Chronic mesen
teric arterial insufficiency secondary to
atherosclerosis may produce a non-specific
malabsorption pattern.10 In mesenteric
vascular occlusion, selective arteriography
of the superior and inferior mesenteric
arterial systems may provide useful in
formation, although a normal arteriogram
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Fig. 12.—Barium enema showing marked
stenosis of the transverse colon following con
servative treatment for enterocolonic vascular
occlusion.

Fig. 11.—Barium enema demonstrating multiple
radiolucent filling defects along the superior and
inferior border of the middle and distal trans
verse colon (thumb-prints).

does not rule out bowel ischemia. Enterocolonic vascular occlusion must be dis
tinguished radiologically from intramural
hemorrhage, benign neoplasms, carcinoma,
Crohn’s disease and ulcerative colitis.
Spasm and irritability are frequently seen
in association with vascular occlusion, but
rarely with intramural hemorrhage.
M anagem ent

Because the clinical picture varies from
functional obstruction of the bowel with
no structural change, to frank peritonitis
secondary to gangrene and perforation,
management will depend upon the severity
of the lesion. If intramural hemorrhage or
occlusion is suspected, plain films of the
abdomen should first be done, and if there
is no evidence of peritonitis, these should
be followed by careful barium studies. The
radiographic features are not pathogno
monic but lend support to the diagnosis.
The reliability of selective arteriography is
not yet established but, when it is avail
able, this investigation should be done. A
positive arteriogram will provide the indi
cations for immediate operation and con-

tribute to the localization of the lesion. If
peritonitis does not develop, the patient
can be treated conservatively and the
radiological examination may be repeated
to clarify the diagnosis and follow the
changes in the bowel. If the sigmoid colon
is involved, the changes due to vascular in
sufficiency may be visualized by sigmoidoscopic examination. These will vary from
edema to mucosal congestion, ulceration,
and stenosis. With healing may come a
piling-up of granulation tissue suggesting
neoplasm. The rectum is not unusually
affected by either intramural hemorrhage
or vascular occlusion.
Since many of these patients have vascu
lar insufficiency of the bowel due to in
adequate perfusion, supportive treatment
to improve tissue flow is important. If the
symptoms and signs are minimal, as they
were in Cases 3, 4, 9 and 10, the patient
can be treated conservatively. Complete
recovery of the affected bowel is seen more
frequently following intramural hemor
rhage, whereas in patients with vascular
occlusion, perforation or stenosis is more
common. If a conservative regimen is
followed, the radiological examination
should be repeated in three to four weeks
to exclude stricture formation.
If there is evidence of peritonitis, the
radiological examination should be limited
to the taking of plain films and, possibly,
arteriography should be done before opera
tion. Should the abdominal signs increase
at any time, conservative management
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should be abandoned. Laparotomy will be
indicated in most of these patients because
of the difficulty of excluding a major
embolus or a recent thrombosis.17
O p e r a t iv e M a n a g e m e n t

At operation the differential diagnosis
will include superior-mesenteric-artery oc
clusion, inferior-mesenteric-artery occlu
sion, intramural hemorrhage, Crohn’s dis
ease, spontaneous reduction of an internal
or external hernia with localized bowel
changes, vascular occlusion due to obstruc
tion of the smaller arteries, and inadequate
perfusion secondary to systemic disease.
In intramural hemorrhage, edema is marked
and the arterial and venous flow to the in
volved bowel is normal. If the bowel is
viable, resection is not indicated.
If pulsations are absent at the origin of
the mesenteric arteries, embolectomy or
thromboendarterectomy should be at
tempted. If pulsations are present, vascular
insufficiency may still be the correct diag
nosis. The occlusion is then in the more
distal branches and is due to atheromatous
emboli. Bowel ischemia may be secondary
to inadequate perfusion. No one has had
sufficient experience with this type of
problem to be dogmatic about its manage
ment.
If the colon appears viable but function
ally obstructed, a proximal colostomy will
suffice. When obstruction or perforation
occurs, it is most commonly in the region
of the splenic flexure, but it can be any
where. Gangrenous bowel must, of course,
be resected. In patients in whom bowel
viability is doubtful, primary reconstruc
tion of the colon should not be done. If a
small-bowel resection and anastomosis have
been carried out using questionably viable
bowel, re-operation in 24 hours is indicated.
Antibiotics should be administered, but an
ticoagulants and steroids are proscribed.18
Su m m ary

In addition to the well-known entities of
superior and inferior-mesenteric-artery oc
clusion from thrombosis and embolism,
there are a number of other causes of
vascular insufficiency. These include hemor
rhage into the bowel wall from trauma,
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usually associated with coumarin therapy,
occlusion of multiple more-peripheral
mesenteric arteries, usually by emboli of
atheromatous origin, and interference with
bowel function due to inadequate perfusion
in the absence of organic arterial obstruc
tion. The accepted term for hemorrhage
into the bowel wall is “intramural intestinal
hemorrhage”. The term “enterocolonic
vascular occlusion” is employed here to
include the remainder of these circulatory
disturbances.
The clinical picture is related to the
degree of dysfunction that follows vascular
insufficiency, and ranges from lack of peri
stalsis, through mucosal ulceration (which
may cause bleeding or heal with stenosis),
to gangrene with perforation and peri
tonitis. The radiological examination is
extremely useful in the identification and
management of these conditions. Ten pa
tients are described briefly and their diag
nosis and management discussed.
We are indebted to Dr. A. E. Trites of the
Department of Pathology, Shaughnessy Hospital,
Vancouver for his observations in Case 5 and
for his permission to reproduce Fig. 9, and Dr. S.
C. Windle, Department of Radiology, Royal
Alexandra Hospital, Edmonton for his permission
to reproduce Figs. 11 and 12.
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URETHRAL D IV ERTIC U LA IN WOMEN
The exact technique of urethral diverticulectomy is not important. When an accurate
preoperative assessment has been made, good
results will be obtained. The basic surgical
precepts must be observed, i.e. adequate ex
posure, good hemostasis, a watertight closure
of the urethral canal, and satisfactory buttres
sing of the urethra. The diverticulum must be
removed in toto, or if more than one be
present, all must be removed. Patients will
otherwise have a recurrence of symptoms.
When there is an associated stress urinary
incontinence it is imperative to plicate the
pubococcygeus muscles and fascia suburethrally and elevate the bladder neck at the time
of diverticulectomy. If the diverticula are large
and extend up behind the bladder neck or
encircle the urethra, it may be more judicious
to leave part of the diverticular sac behind,
rather than risk causing incontinence or
damaging the urethra. An attempt should be
made, however, to remove the mucosal lining
of the remnant of the diverticular sac left be
hind. The pathologic examination of the diver
ticula that we removed showed a relatively
constant picture. Ulceration and squamous
metaplasia were present in nearly every speci
men. No frank evidence of malignant change
was ever found. Infected urethral diverticula
may give a false impression of active urinary-
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R esum e
En dehors dps entites morbides classiques de
l’occlusion de 1’artere mesenterique superieure et
inferieure causee par thrombose et embolie, il
importe d’envisager un certain nombre d’autres
causes a l’insuffisance vasculaire. Parmi ces causes
figure 1’hemorragie d’origine traumatique de la
paroi intestinale, qui se voit souvent au cours
d’une coumarino-therapie, l’occlusion de multiples
arteres mesenteriques plus superficielles, d’habitude par embolie d’origine atheromateuse et gene
de la fonction intestinale causee par une perfusion
insuffisante, en l’absence d’une occlusion arterielle
de cause purement organique. Le terme accepte
pour 1’hemorragie de la paroi intestinale est
“hemorragie intestinale intramurale”. On reserve
le terme d’occlusion vasculaire intestinale (grele
et colon) au reste des troubles circulatoires.
Le tableau elinique depend du degre de dysfonctionnement qui resulte de l’insuffisance vas
culaire et va de l’absence de peristaltisme a
l’ulceration de la muqueuse (qui peut provoquer
une hemorragie ou se cicatriser avec stenose) et a
la gangrene avec perforation et peritonite. L’examen radiologique est tres utile pour identifier et
trader ces pathologies. Les auteurs presentent
brievement 10 malades et exposent leur diagnostic
et leur traitement.

tract infections. This may be particularly so
when urinalysis and urine culture are done on
a voided or even clean catch urine specimens.
While we agree with Beeson, the decision to
catheterize does not seem warranted merely to
obtain a clean specimen for routine analysis;
it may be wiser to obtain catheter urinalysis
and culture on female patients with persisting
or recurring urinary-tract infections, as the
presence of infected urethral diverticula may
give misleading impressions of upper urinarytract infections.
Diverticula may be classified into congenital
and acquired varieties; urethral diverticula are
most likely acquired. Dysuria, stress urinary
incontinence, frequency, dribbling inconti
nence, urgency, dyspareunia, vaginal bleeding
and urethral pain are the most common pre
senting symptoms.
A combination of cytoendoscopy and ure
throcystography is a valuable diagnostic me
thod.
A vertical vaginal incision over the diverti
culum with blunt dissection and removal of
the diverticulum at its ostium, or an inverted
U-vaginal flap so placed that the diverticulum
is beneath the flap, is the most successful
technique for diverticulectomy.— Ward, J. N.,
Draper, J. W. and Tovell, H. M. M.: Diag
nosis and treatment of urethral diverticula in
the female, Surg. G ynec. Obstet., 125: 1293,
1967.
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CASE REPO RTS

BENIGN GASTRIC ULCER AND GASTROCOLIC FISTULA0
E. E. STERNS, M.D., F.R.C.S.[C] and C. E. BIRD, M.D., F.R.C.P.[C],

Kingston, Ont.

O f all complications of benign gastric ulcer
perhaps the most rare is gastrocolic fistula.
Only 24 such complications were reported
before 19201 and since then, including the
present case, only 13 new reports can be
added.813 One patient with such a compli
cation precipitated by a duodenal ulcer has
also been reported.14
Because gastrocolic fistula has been
recognized as a clinical entity since 1755,15
and only 37 such lesions have been de
scribed that were attributed to gastric ulcer,
a review of the subject is appropriate.
C ase R eport

J.A., a 22-year-old Caucasian waitress, was
admitted to hospital in June 1960 complaining
of menorrhagia following an incomplete abor
tion five weeks previously. A dilatation and
curettage was performed. She had no gastro
intestinal complaints at that time.
In June 1961, she was delivered of her
second child. During that admission it was
noted that she was anemic (hemoglobin 8.8
g./lOO ml).
In August 1962, when she was 25, she was
re-admitted to hospital with the history of
abdominal pain of one year’s duration. The
pain, which was not localized, was increasing
in severity. It was precipitated by fried food,
raw vegetables and coffee, and appeared more
marked at times of emotional stress. It was
relieved by antacids and milk. She vomited
only occasionally. She had suffered a 42-lb.
weight loss in the preceding 15 months. Ex
amination revealed no physical abnormalities.
Radiographs of the stomach and duodenum
showed no evidence of ulceration. She im
proved on an active ulcer regimen and was
discharged in September 1962 with the diag
nosis of duodenal ulcer.
One year later, in September 1963, she was
re-admitted because of acute, right lower
quadrant abdominal pain beginning 36 hours
previously. She still complained of dyspepsia
as on her previous admission. Examination
“From the Departments of Surgery and Medicine,
Queen’s University and Kingston General Hospital,
Kingston, Ont.

revealed only epigastric tenderness. Labora
tory findings included: hemoglobin 12.4 g./lOO
ml., hematocrit 35 ml./lOO ml., white cell
blood count 7800/c.mm. and erythrocyte
sedimentation rate (Wintrobe) 20 mm. in one
hour. An oral cholecystogram showed only
faint opacification of the gallbladder after two
attempts. A cholecystectomy and incidental ap
pendectomy were carried out six days after
admission. The gallbladder contained one stone
but there was no evidence of acute or chronic
cholecystitis. No abnoimal findings were noted
in the stomach or duodenum.
Her last admission was in January 1967.
She had continued to have epigastric and
paraumbilical pain since her cholecystectomy.
Her postprandial discomfort was relieved by
alkali and by milk. She consumed three quarts
of milk during the day and a fourth at night
to control her discomfort. Fortunately her
husband was a milkman. She vomited once or
twice a week but had no evidence of gastro
intestinal bleeding until shortly before ad
mission.
One month before admission she became
constipated and required laxatives for relief.
Two weeks later, diarrhea began with foul
smelling, yellow stools 10 times a day. One
week before admission, she eructated fecal
smelling gas and vomited fecal material on
one occasion. In the week before admission,
she lost 10 lb. The day before admission her
stools became dark and watery.
On admission she was pale and appre
hensive. Although her blood pressure was
within normal limits, she had a slight tachy
cardia. Epigastric tenderness was noted. Her
stools were dark and strongly positive to
benzidine. Hemoglobin was 8.7 g./lOO ml.
and hematocrit 28 ml./lOO ml. Blood smear
showed hypochromia, anisocytosis, slight
poikilocytosis and rouleaux formation. Serum
bilirubin, blood urea nitrogen and serum elec
trolytes were normal. Over the next four days,
she received nine units of blood.
An upper gastrointestinal series showed
gross deformity in the distal one-half of the
stomach (Figs. 1 and 2). Barium passed through
the pylorus and into a normal-appearing duo
denal cap. The transverse colon filled with
barium from the distal portion of the stomach.
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Fig. 1.—Gastric ulcer. Distortion of the distal
portion of the stomach is evident and, with com
pression, a large antral ulcer is demonstrated
(arrow).

At laparotomy, on the fifth hospital day,
a large gastric ulcer was found measuring 10
x 7 cm. The floor of the ulcer was formed by
the bed of the previously excised gallbladder,
the transverse mesocolon and the transverse
colon. The fistulous opening into the colon was
2.5 cm. in diameter. The margin of the ulcer
was 1 cm. proximal to the pylorus and the
duodenum was normal.
The midportion of transverse colon contain
ing the fistula was excised and a primary
colon anastomosis carried out. A partial gas
trectomy of the Polya type was also performed.
On pathological examination, the gastric ulcer
was benign and the margins of the colonic
fistula showed only inflammatory changes.
There were no postoperative complications
and the patient gained 2 lb. before discharge.
At follow-up visits, six weeks and six months
after operation, she had no symptoms.
D is c u s s io n

Our understanding of the clinical fea
tures and surgical management of the
gastrocolic fistula is derived from studies
of this complication in patients whose fis-
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Fig. 2.—Gastrocolic fistula. The distal portion of
the stomach and the ulcer crater are again
demonstrated. The gastrocolic fistula is also seen
entering the mid-transverse colon. Colonic and
proximal jejunal filling are simultaneous.

tulas are secondary to previous gastro
enterostomy. Gastroenterostomy was first
performed for peptic ulcer in 188116 and
the first gastrojejunal ulcer secondary to
this procedure was reported 18 years
later.11 Czerny first described the develop
ment of gastrojejunocolic fistula in 190318
and the incidence of this lesion reached its
zenith at that time and several years after
when gastroenterostomy was performed
frequently for this disease. Kiskaddon,
Templeton and Renshaw19 published a
clinical and experimental study of the ef
fects of gastrocolic fistula in 1947.
In the literature since 1920 we found
reports of 12 patients who developed
gastrocolic fistulas as a complication of
benign gastric ulcer. The data on these
patients, our own, and the patient whose
fistula was secondary to benign duodenal
ulcer are summarized in Table I.
This complication occurred in patients
from 5 weeks to 59 years of age but was
most common between the ages of 30 and
60. Six patients were women and eight
were men. Symptoms of ulceration were
usually long-standing, 20 years in one
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T A B L E I.— D a t a

on

P a t ie n t s

w it h

G

a s t r o c o l ic

Year
reported

Sex

Age
(ie ir s )

symptoms

—

1968

F

29

5 yr.

Hoffman2............

1966

F

49

Several
months

1965

M

54

3 yr.

Deshpande4........

1964

F

56

2 yr.

Swartz, Paustian
and Chleborad5. .

1968

M

40

4 mo.

Gray6 ...................

1956

35

20 yr.
(Inter
mittent)

Smith and

Bachman and

is t u l a

Secondary

to

B

Associated disease
and/or
previous operation

Duration

Author and
reference
number

F

of

e n ig n

G

a s t r ic

U

lcer*

Operative treatment

Result

Cholecystectomy 4 yr. be
fore the diagnosis of fistula

1 Stage— Polya gastrec
tom y, colon resection and
anastomosis

Excellent

Rheumatoid arthritis—
steroid therapy

1 Stage— Billroth I gas
trectom y, colon resection
and anastomosis

Excellent

1 Stage— Billroth I gas
trectom y, colon resection
and anastomosis

Excellent

Perforated peptic ulcer 1
mo. before diagnosis of
fistula. Concomitant gastrojejunal fistula

1 Stage— Billroth I gas
trectom y, excision of fistula
and closure of colon and
jejunum

W ound
infection.
Excellent
long-term

Rheumatoid arthritissteroid therapy. C o n co 
mitant gastrojejunal fistu
la. Cholelithiasis

1 Stage— Billroth I gas
trectom y (management of
colon not reported) and
cholecystectom y

Excellent

3 Stage— defunctioning
colostom y (hepatic
flexure). Billroth I gas
trectom y, colon resection
and anastomosis.
Closure o f colostom y

Not
reported

—

Rheumatoid arthritis—
steroid therapy

»
1 Stage— closure of
stomach and colon

Post
operative
death

1955

F

33

1 week

Bosien and
Tyson8.................

1953

M

45

6 yr.

Rheumatoid arthritis
steroid therapy

1 Stage— subtotal gastrec
tom y, colon resection and
anastomosis

Excellent

Briggs and
Boswell9...............

1952

M

58

6 mo.

Concom itant gastroduo
denal fistula (3rd part)

1 Stage— Polya gastrec
tom y, colon resection and
anastomosis, and closure
of duodenum

Ileal vol
vulus
postoperatively. Excel
lent long
term

Pein'°...................

1948

M

5 wk.

—

—

1 Stage— closure of
stomach and colon

Postopera
tive death

Bailey and
Knoll11.................

1939

F

9

Wilkie12...............

9

1934

M

32

10 yr.

1920

M

51

9

1967

M

59

Several
years

?

?

2 Stage— division of colon
proximal and distal to
fistula, and anastomosis of
colon. R esection of stom
ach, fistula and excluded
colon

Excellent

Laparotom y (fistula
missed)

Post
operative
death

1 Stage— Polya gastrec
tomy, colon resection and
anastomosis

Post
operative
death
(clostri
dial in
fection)

Nephritis

*The patient reported by Glass had a gastrocolic fistula secondary to a duodenal ulcer.

instance and 10 in another. In six other
patients, the duration of symptoms was
longer than two years.
Four patients who had developed rheu
matoid arthritis before the onset of gastro
intestinal symptoms had received steroid
therapy. In such an uncommon complica
tion, the frequent coexistence of rheumatoid

arthritis and steroid administration may be
significant.
Two patients had concomitant gastrojejunal fistulas and one had a concomitant
gastroduodenal fistula.
The clinical manifestations were charac
teristic—symptoms of peptic ulceration
preceding the development of diarrhea,
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weight loss, malnutrition, vomiting and foul
or fecal eructation.
Despite the fact that preliminary colos
tomy has been advocated for this compli
cation in the past,20 only the patient
reported by Gray0 was so treated. The two
patients treated by simple closure of the
fistula both died: one of these was the
5-week-old child. In one patient the fistula
was missed at operation. The modes of
treatment are summarized in Table II.
TABLE

I I . — O p e r a t iv e T r e a t m e n t o f G a s t r o 
c o lic F is t u l a

Operation

Number

1 Stage..................... 11
Gastrectomy and
colon resection.. .
Closure of fistulas
only .......................
Laparotomy........

Deaths

-1
8
2
1

1 (Clostridial
infection)
2
1

,

2 Stage....................

1

0

3 Stage.....................

1

0

In eight patients, the primary treatment
dealt with the ulcer and the fistula simul
taneously. In seven patients, colon resection
and anastomosis, and a partial gastrectomy
were successful. The eighth patient died
after operation, of a clostridial infection.
It appears that primary resection is the
treatment of choice provided that, during a
period of careful preoperative preparation,
nutritional, electrolyte, and hematological
imbalances are corrected. Preoperative
antibiotic bowel preparation was used in
several of the patients reported. However,
it was not used in our patient who never
theless did well.
Su m m a r y

A patient with benign gastric ulcer com
plicated by gastrocolic fistula is reported.
Only 13 reports of this complication have
been published since 1920. These have
been reviewed.
In most of these patients, symptoms of
ulceration were of several years’ standing.
Four of the 13 patients had rheumatoid
arthritis and had been treated with steroids.
Three of the patients had concomitant
gastrojejunal or gastroduodenal fistulas.
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One-stage operation aimed at eradication
of the ulcer diathesis by partial gastrec
tomy and resection of the colon with pri
mary anastomosis appears to be the most
favoured and most effective mode of treat
ment.
W e would like to express our appreciation to
Dr. D. G. Wollin for his interpretation of the
radiological findings.
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La fistule gastrocolique est une complication
extremement rare de l’ulcere gastrique benin. Les
auteurs ont passe en revue les histoires cliniques

de 12 malades ayant presente cette complication
depuis 1920 et y ont ajoute un cas personnel.
La frequence suivant l’age a ete tres variable,
le plus jeune malade ayant 5 semaines, le plus
vieux 59 ans, mais la plupart des malades avaient
un age compris entre 30 et 60 ans. La repartition
par sexe etait virtuellement identique. La majorite
des malades souffraient depuis longtemps d’une
ulceration des voies digestives. Quatre malades
avaient soulfert d’arthrite rhumatoide et avaient
ete traites aux corticoides avant l’apparition de la
fistule gastrocolique.
Huit malades ont ete traites par gastrectomie,
resection du colon et anastomose sans passer par
la colostomie de derivation preliminaire. Un
malade est mort apres l’operation d’une infection
a clostridia. Les sept autres malades n’ont pas eu
de complications et ont beneficie d’une excellente
guerison.

SURGERY OF STAGHORN CALCULUS
The author presents a personal series of
patients who had surgical removal of renal
calculi; 113 patients had pyelolithotomy with
minimal complications. There were 13 patients
in whom a nephrotomy incision was required
in addition to a pyelotomy incision. One of
these had a severe secondary hemorrhage re
quiring 3000 c.c. of blood. Nephrotomy in
cisions were used in 17 patients with branch
ing renal calculi. Three had severe secondary
hemorrhages requiring nephrectomy, and one
had a persistent urinary fistula which closed
spontaneously eight weeks after operation.
The author’s series of partial nephrectomies
includes 37 patients, 28 of whom had an
operation for calculous disease. One required
a secondary nephrectomy for hemorrhage, and
two had transient urinary fistulas for 3 and
14 days. There were no deaths in the series,
but the serious complications prompted the
experimental studies carried out by the author.
The pig was selected as an experimental
animal because of the close morphologic re
semblance of its kidney to the human kidney.
Twenty-nine kidneys in 24 animals were sub
jected to renal bivalve incisions. Hemostasis
was secured by means of interrupted sutures
in conjunction with mattress sutures or local
ligature alone. The renal function was mea
sured as creatinine clearance, and when mat
tress sutures had been used, the average resi
dual function in the operated kidney was 54%.
There seemed to be a direct relationship be
tween the sutures and peripheral infarcts in
several of the kidneys. When local hemostasis
was used alone, the mean residual function as
measured with a creatinine clearance was 64%
of the normal side.

In another series of animals, an attempt was
made to compare the function and healing of
a kidney in which the lower calyx was ex
posed by means of a lower polar nephrotomy
and a partial nephrectomy. On one side a
guillotine amputation was performed, while
the lower calyx of the other kidney was ex
posed through a lower pole nephrotomy in
cision. The kidneys subjected to a partial
nephrectomy showed gross changes limited to
the line of section and the adjacent 1 to 2 cm.
of parenchyma. Divided renal function studies
were performed on this group of animals. W ith
one exception, the function on the side o f the
partial nephrectomy was better. The findings
suggested that the renal tissue in the flaps
mobilized by a nephrotomy incision undergo
severe ischemic change and contribute little
to subsequent renal function.
The third group of experiments evaluated
lateral renal resection; a flat resection of the
lateral renal parenchyma was carried out to
obtain adequate exposure of the pelvis. The
weight of the resected tissue removed averaged
30% of the kidney by weight. Healing in eight
of nine animals was uncomplicated. The mean
residual function for this series was a creati
nine clearance of 66% of that found on the
control side.
Staghorn calculus has been removed after a
lateral resection of kidney tissue on nine oc
casions. One animal required nephrectomy b e
cause of severe secondary hemorrhage. F u r
ther stones in the kidney developed in none,
but the follow-up has been relatively short.—
Maddern, J . P.: Surgery of the staghorn cal
culus; British Association of Urological Sur
geons prize essay, Brit. J. Urol., 39: 237, 1967.

18. C z er n y , V.: Zur Behandlung der Fissur und
des Vorfalls des Mastdarms, Bruns’ Beitr.
Klin. Chir., 3 7 : 765, 1903.
19. K iskaddon , R. M., T e m p l e t o n , F. E. and
R en sh a w , R . J. F .: Gastrocolic fistula: a
new concept of pathologic physiology;
mechanism of production of the syndrome,
Cleveland Clin. Quart., 1 4 : 94, 1947.
20. P f e i f f e r , D. B. and K e n t , E. M.: The value
of preliminary colostomy in the correction
of gastrojejunocolic fistula, Ann. Surg., 1 1 0 :
659, 1939.
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T U M O U R IN A H A N D W I T H A V O L K M A N N ’S IS C H E M IC
C O N T R A C T U R E F O L L O W IN G IN JU RY
A. P. PIERON, M .D.* and G. R. HOGG, M .D .,f W innipeg, Man.
M u c h has b e e n written a b o u t con n ectiv etissue tum ours in the last 10 years.1-7 T h e
p u rp ose o f this p a p er is to d e scrib e a m an
w ith a V olk m an n ’s isch em ic con tractu re o f
the left h and w h o d e v e lo p e d an unusual
com p lica tion — a con nective-tissu e tum our
— in that hand after injury.
C a se R e p o r t

C.H.P., a 43-year-old man, sustained a gun
shot wound to his left upper arm during the
Second W orld War. This injury caused a com
pound fracture o f the humerus, damaged the
brachial artery, completely severed the radial
nerve, and produced a partial lesion of the
ulnar and median nerves. After the median and
ulnar nerves were sutured, he had some return
o f sensation in the corresponding distribution
of the left hand. However, despite excellent
care and supervision, a Volkmann’s ischemic
contracture developed in that hand (Fig. 1).
Amputation o f the hand and prosthetic re
placement were advised, but refused. He re
turned to Deer Lodge, the Department of
Veterans Affairs Hospital, W innipeg, occa
sionally for minor problems but was able to

Fig. I .—Volkmann’s ischemic contracture, left
hand.
"Department o f Orthopedics, Deer Lodge Hos
pital, University of Manitoba, W innipeg, Man.
fDepartment of Pathology, Winnipeg General
Hospital, University of Manitoba, Winnipeg.

keep his job as a mechanic, using his left
hand to hold a heavy wrench weighing up to
seven pounds. W ith his right hand, he would
put the wrench into his “ claw” hand and work
the wrench with his shoulder and elbow.
On September 9, 1966, when he had a
wrench in his contracted left hand, he slipped
and fell severely bruising the palmar surface.
Because the sensation in this hand was im
paired and he could see no physical damage,
he ignored the injury. Dull pain remained and
later some swelling developed. After six weeks
he sought medical advice. Initially, his phy
sician thought the swelling was a hematoma,
but aspiration produced no blood. The lesion
was observed for another few weeks then, be
cause of continued discomfort, dull pain,
swelling and inability to hold a wrench, the
patient was referred to a consultant.
There was a diffuse, 3 x 6-cm. swelling on
the medial palmar aspect, and a fluctuant
lump on the dorsum between the fourth and
fifth metacarpal bones. Again, this lesion was
thought to be a hematoma and again aspira
tion produced no blood. Radiographs showed
no bony changes apart from diffuse osteo
porosis. The chest film was negative.
On December 14, 1966, the swelling— a
yellowish fibrofatty mass— was removed. Sub
sequent hematoma formation was prevented
by “ Hemovac” drainage.
Histologically, the lesion varied from one
part of the tumour to another. Certain areas
were relatively hypocellular and contained
abundant collagen. Other areas were highly
cellular and showed numerous mitoses. The
initial pathological diagnosis was palmar fibro
matosis, but the specimens were sent to mem
bers of the Department o f Pathology, Winnipeg
General Hospital for a further opinion. Here,
the diagnoses offered were palmar fibromatosis
and fibrosarcoma. A specimen was also for
warded to Dr. A. P. Stout at Columbia Uni
versity, New York, who gave the diagnosis of
active cellular palmar fibromatosis (Fig. 2).
Fig. 2.—(a) Section o f the tumour removed at
the original biopsy showing moderate cellularitv
with a more sclerotic area on the right (H & E,
original magnification x 25). (b) Higher-power
view of a different area o f the tumour to show the
degree of cellularitv and the fascicular pattern of
growth (H & E, original magnification x 64). (c)
Cellular tumour with irregular hyperchromatic
nuclei (H & E, original magnification x 100).
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Fig. 2a

Fig. 2b

Fig. 2c
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Fig. 3a
Fig. 3b
Fig. 3.—(a) The recurrence of diffuse swelling on the palm of the left hand six weeks afterexploration and excision, (b) The fluctuant mass at the dorsum of the hand with diffuse swelling of the
dorsal aspect. The size of this growth was twice the original.

Four weeks later there was some diffuse swel- the fourth and fifth digits (Fig. 3b). The
ling on the medial palmar aspect (Fig. 3a) and patient said that this was bigger than before
a fluctuant soft lump on the dorsum between operation.

»

A

Fig. 4a
Fig. 4b
Fig. 4.—(a) Radiograph viewed in retrospect shows irregular cortical defects and thinning of
the entire shaft of the fourth metacarpal bone, (b) Lateral view shows involvement of the medullary
cavity of the fourth metacarpal.
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Diagnosis and management.— Because of its
benign appearance at the first operation
and the difficulties of resection in a
severely contracted hand, the lesion was not
completely removed. Its rapid recurrence and
increase in size while under observation con
vinced us that the tumour was malignant.
Members of the staff of the Manitoba Cancer
Institute did not favour radiotherapy because,
if it was benign, irradiation was contraindi
cated because of the poor blood supply in this
arm. If the lesion was malignant, little would
be gained by irradiation.
This man’s problem was presented and dis
cussed before the Orthopedic Group of Greater
Metropolitan
Winnipeg.
The
consensus
favoured incision to rule out local infection,
followed by below-elbow amputation if no
purulent material was obtained.
When the radiographs were reviewed, a
mottling of the cortices of the fourth and fifth
metacarpal bones was noted (Fig. 4).
At the second operation on January 30,
1906, a whitish tumour was found which was
under a great deal of pressure. A below-elbow
amputation was carried out six inches distal
to the olecranon process.
Histologically, this lesion was an extremely
cellular tumour which involved the soft tis
sues and bone. Although the initial biopsy and
the present tumour were similar, the second
specimen had none of the areas of maturation
seen initially (Fig. 5). In most areas, the pat
tern was that of the spindle-cell fibrosarcoma.
This patient’s postoperative course was un
eventful. The stump healed well. A belowelbow prosthesis was fitted. He returned to his
old job using a hook while at work and a
mechanical hand when at home.
T rauma as an E tiologic F actor
in T umour F ormation
The role of trauma in the production of
tumours, especially malignant tumours, lias
always been controversial.8 In many in
stances, the trauma is coincidental or
merely an additional factor complicating
pathological conditions already existing.
Pack and Ariel9 do not believe that
trauma produces sarcomas of the soft soma
tic tissues, yet they recognize occasional
cases where the sequence of events strongly
suggests such a relationship. They set out
five criteria which must be fulfilled before
trauma can be accepted as the etiologic
agent: the site of trauma, the history of
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injury, the time interval, the character of
the tumour and the integrity of the in
volved part before injury. This case fulfils
these criteria.
The last criterion may be subject to dis
pute because the left limb had undergone
gross degenerative changes after Volkmann’s ischemic contracture had set in.
However, the patient had been examined
on many occasions, and no abnormalities
were described in his record. Although he
was not examined just before the accident,
he had worked as a mechanic for many
years without discomfort.
A malignant growth in association with a
Volkmann’s ischemic contracture is rare.10'13
In practice, when a patient comes to a
physician with the history of trauma fol
lowed by tumour, the doctor is inclined to
ignore the association or simply does not
believe him. Because the patient is con
vinced that the trauma is the cause, this
may lead to a poor doctor/patient relation
ship.
This association is further complicated
by medico-legal considerations because the
Workmen’s Compensation Board and in
surance companies may decline responsi
bility for the consequences of the malignant
tumour. Even if this association comes b e 
fore the courts, expert medical opinion may
not help because medical evidence can
easily be found to support the opposing
parties. Judgment is usually guided by the
maxim “In d u bio sem p er p ro la eso (In
doubt always favour the injured)”.9
Sum m ary and C onclusions
A malignant, soft-tissue fibrosarcoma in
a hand of a 43-year-old man has been
described. The tumour arose at the site of
a fresh injury in a hand that was already
deformed by a long-standing Volkmann’s
ischemic contracture. A below-elbow am
putation was carried out mainly because
of the clinical behaviour of this tumour.
The histology of the amputated specimen
was compatible with fibrosarcoma involv
ing soft tissues and bone. The role of
trauma in the production of malignant
tumours is discussed.
The authors are indebted to Dr. P. Berbrayer
who allowed them to describe his patient, to the
Photography Departments of Deer Lodge and
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Fig. 5a

Fig. 5b
Fig' 5.—(a) Section of the tumour taken from the amputated specimen. The tumour is in
Kitrating soft tissues (H & E, original magnification x 10). (b) Tumour tissue invading the bone of the
fourth metacarpal (H & E, original magnification x 100).
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Winnipeg General Hospitals for their pictures, and
to Dr. B. J. S. Grogono for his enthusiasm, en
couragement and advice.
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Chez un homme de 43 ans dont la contracture
musculaire ischemique de Volkmann avait resulte
d’une blessure de l’avant-bras 20 ans auparavant,
se developpa une turneur dans la main difforme.
Le gonflement survint peu de temps apres une
blessure sur eette main. Le premier examen histologique montrait une fibromatose palmaire.
Comme le comportement clinique de la lesion
permettait de croire qu’il s’agissait d’une turneur
maligne, on prooeda a l’amputation du bras sous
le coude. La lesion se revela etre un fibrosarcome
qui envahissait les tissus mous et les os. Nous
n’avons pu trouver dans la litterature d’autres
rapports de cette rare complication. L e role etiologique du traumatisme est expose, ainsi que les
consequences medico-legales.

M USCLE TRANSPLANTS IN
POST-TRAUM ATIC PERIPHERAL
NERVE PARALYSIS
Surgeons at the Rizzoli Orthopedic Institute
in Bologna have described 168 instances of
post-traumatic irreversible peripheral nerve
paralysis treated by muscle transplants. A
fundamental concept in the treatment o f par
tial paralyses is that distal function must be
either present or recoverable. It is o f no use
to get abduction o f the shoulder or flexion of
the elbow if the hand is paralyzed.
The author uses a triple transplant for radial
palsy, which usually occurs from fracture of
the shaft o f the humerus. First, the pronator
teres is separated from its insertion between
the brachioradialis and the palmaris longus, a
tunnel is made under the tendons of the ex
tensor radialis 1 and 2, and the pronator teres
is passed under and sutured beneath with cat
gut under moderate tension, with the wrist
in maximum extension. Second, the flexor
carpi ulnaris is detached through a volar in
cision from its insertion on the pisiform, tun
nelled up, and sutured to the extensor carpi
tendon of the little finger. Finally, the flexor

carpi radialis, through a transverse curving in
cision at the base o f the thenar eminence, is
detached from its metacarpal insertion and
sutured to the tendon o f the abductor longus
and the extensors brevis and longus o f the
thumb, with the thumb in intermediate posi
tion of abduction-extension. Details o f muscle
transplants for paralysis o f the crural, sciatic,
internal, and external popliteal and circumflex
nerves are given.
Muscle transplants are indicated in irre
versible nerve paralysis only when it will bring
functional advantage, with proper antagonists.
Irreversibility is based on history, i.e. 12 to
16 months post-injury with no clinical or elec
trodiagnostic sign o f return of function, or
operative findings o f severe alterations in a
nerve. The muscles to be transplanted must
be normal or near normal. Stiff joints are a
contraindication. Excessive tension on the
transplant makes the antagonist unable to
function. Interrupted catgut sutures are best
for the new insertion of the tendon.— Cenni,
F.: I trapianti muscolari nelle paralisi postraumatiche definitive dei nervi periferici, O sped.
ltd . Chir., 15: 701, 1966.
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A C U T E JE JU N O G A S T R IC IN T U S S U S C E P T IO N 6
D. S. ROBERTSON, M.B., B .S.(L ond .), F.R.C.S.[Eng.]f and CARMAN H. W ED ER,
M.D., F.R.C.S.JC], F.A.C.S.,1: Saskatoon, Sask.

Acute jeju n o g astric intussusception is a
rare com plication of gastroenterostom y or
Billroth I I gastrectom y. Retrograde jeju n al
intussusception has also been described
follow ing to tal gastrectom y.
T h e first gastroenterostom y was carried
out by W olfler in 1881. T he first description
o f jeju n o g astric intussusception follow ing
gastroenterostom y is attributed to Bozzi in
19141 over 30 years later. T h e first case
follow ing gastrectom y was recorded by
L un d berg in 1922.2 Since then many cases
have b ee n recorded. In 1933, Bettm an and
Baldw in ’ review ed the literature and found
33 cases, m ostly follow ing gastroenteros
tomy. T h e first o f these cases was recorded
by S teb er in 1917. In this series the correct
diagnosis was m ade preoperatively in only
three cases; two of these w ere diagnosed
by the patients themselves because their
intussusceptions had recurred.
O ver 150 such cases have been recorded
in th e E n glish literature. A recent review
bv Shiffm an and Rappaport4 listed 91 and
added five new cases, all follow ing p artial
gastrectom y. T h e only recorded Canadian
case appears to be that of Sw artz of Sal
vador, Saskatchew an in 1929.5
A cute jeju nogastric intussusception is
diagnosed in the post-gastrectom y patient
who gives a history of a sudden attack of
acu te u pper abdom inal pain follow ed by
persistent vom iting, first of normal gastric
contents, later of coffee-ground m aterial or
frank blood. T h ere m ay b e a palpable mass
in th e upper abdom en if the gastric rem 
nant is not hidden under the left costal
m argin. T h e diagnosis is confirmed b y a
plain radiograph of the abdom en, w hich
m ay show a lobulated mass in the region of
the stom ach, or by barium swallow w hich
shows th e intragastric mass more clearly
and dem onstrates the valvulae conniventes
“From the Department of Surgery, University
Hospital, Saskatoon, Sask.
fSenior Assistant Resident in Surgery, University
Hospital, Saskatoon.
tAssociate Clinical Professor of Surgery, Univer
sity Hospital, Saskatoon.

of the everted small-bowel m ucosa inside
the stomach.

C ase Reports
Case 1.— W .B., a 64-year-old man, was ad
mitted to the University Hospital, Saskatoon on
September 22, 1966. In February 1961, he had
a bleeding duodenal ulcer with pyloric stenosis
which was treated by partial gastrectomy and
Billroth II anastomosis. Following this he had
been well until three days before admission
when he started to have acute upper ab
dominal pain and distension. The pain was
colicky, later becoming constant and accom
panied by nausea and vomiting. On the day
before admission, he vomited coffee-ground
material on two occasions, and was treated
with gastric suction and intravenous fluids at
his local hospital before being transferred to
the University Hospital. He had normal bowel
movements up to the day before admission
with no blood in the stools or melena.
A pale, anxious-looking man, he had a blood
pressure of 115/70 mm. Hg and a pulse of
105/min. He had fairly severe abdominal
pain, a dry, coated tongue and fetor oris. His
gastric suction tube was draining coffee-ground
material.
He had generalized abdominal tenderness,
most marked in the left upper quadrant where
there was rigidity and guarding. No masses
were palpable. Bowel sounds were present.
There was a well-healed, right upper para
median scar from his previous operation. The
results of his laboratory investigations were as
follows: hemoglobin 11.7 g./lOO ml., blood
urea nitrogen 87 mg./lOO ml., serum electro
lytes normal and white blood cell count
6500/c.mm. A plain film of the abdomen
showed a lobulated mass in the left upper
quadrant in the region of the stomach (Fig. 1).
Barium introduced through the nasogastric
tube showed that this mass was inside the
stomach and outlined the valvulae conniventes
of the intussuscepted jejunum. Filling of the
normal afferent loop showed the mass was due
to a retrograde intussusception of the efferent
loop (Fig. 2).
At operation on the day of admission and
under general anesthesia, the abdomen was
opened through a left upper paramedian in
cision. The intussusception began about 10
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Fig. 1.—Jejunogastric intussusception showing
as a left upper quadrant mass on a plain film of
the abdomen.

Fig. 2.—Lobulated filling defect on gastric
barium studies, diagnostic of jejunogastric intus
susception.

inches’ below the gastroenterostomy stoma. A
firm mass of intussuscepted small bowel was
palpable in the stomach remnant which was
tucked up under the left costal margin.
The intussusception was reduced by gentle
traction on the jejunum while the mass in the
stomach was compressed. On inspection after
reduction, about two feet of small bowel was
found to be gangrenous. The mesenteric veins
overlying it were thrombosed. This section
was resected and the bowel reconstituted by
end-to-end anastomosis.
Apart from a superficial wound abscess,
which responded to treatment with tetracycline
and irrigation, the patient made an uneventful
recovery. Upper gastrointestinal series carried
out on October 6 showed a normal post
gastrectomy picture. The patient was dis
charged on October 15.

be a predisposing factor, and that the ef
ferent loop may be pulled through the
enterostomy. This was suggested by
Lofgren, Seppalii and Vuolio® who reviewed
seven cases. Other reports in the European
literature also suggest this as a cause.7 Ten
of 30 of Bettman and Baldwin’s cases had
an enteroanastomosis. However, this does
not explain the occurrence in patients with
out an enteroanastomosis.
Unlike other forms of intussusception,
the jejunogastric variety shows no pre
disposing abnormality and the intussuscep
tion usually starts well away from the
gastric stoma, as in our Case 1. This last
fact is not in accord with theories suggest
ing that the intussusception is due to a
pressure differential between the small
bowel and stomach, or that it starts with a
cuff of intestinal mucosa projecting into the
stomach. Betrograde peristalsis is physio
logical in the jejunum,1 and the direct in
troduction of gastric secretions into the up
per jejunum may cause violent retrograde
peristalsis that may induce intussusception.
As the intussusceptum is normal bowel,
treatment consists of simple reduction of
the intussusception. Resection is only re
quired if there is non-viable bowel.

The etiology of this condition is obscure;
the only constant finding is a previous
gastrectomy or gastroenterostomy. It has
been reported in patients from 19 to 79
years old and from 5 days to 35 years after
gastric surgery,4 most commonly about six
years after operation. The gastric stomas
have varied from 2 to 8 cm. in diameter,
with or without enteroanastomosis below. It
is possible that an enteroanastomosis may
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O perative fixation of the afferent loop does
not appear to alter the rate of recurrence.
T h e intussusceptions w ere classified by
Shackm an8 as: T ype 1, afferent loop; Type
2, efferent loop; and Type 3, both loops
(Fig. 3). A lem an1 gives the frequency of
occurrence as: T y p e 1, 1 5 % ; T y p e 2, 7 5 % ;
and T y p e 3, 10% . How ever, follow ing
gastrectom y, the preponderance of Type 2
is even greater— up to about 8 5 % .
C hronic recurrent jejunogastric intus
susception also occurs causing m alaise and
loss of w eight w ith interm ittent attacks of
vom iting and abdom inal pain. T h e diag
nosis can b e m ade during an attack using
barium swallow or gastroscopy. An intragastric mass is dem onstrated that may re
duce spontaneously during the investiga
tion. T h is abnorm ality m ay also be an
incid ental finding during gastrointestinal
investigation as in our Case 2.
C ase 2.— Mrs. J.K ., a 49-year-old woman,
was admitted to hospital in August 1966, six
months after a palliative gastroenterostomy
and cholecystojejunostomy done for an in
operable carcinoma of the head of the pan
creas. Following this she had been well until
two days before admission when she developed
epigastric and left upper quadrant pain going
through the back, and passed tarry stools. Her
liver was enlarged two finger-breadths below
the costal margin. She had mild epigastric
tenderness and a doubtful epigastric mass. A
gastrointestinal series on the day of admission
showed an intraluminal gastric mass, which
disappeared spontaneously during the pro-

TYPE I

Kijj. 4.—Intermittent jejunogastric intussuscep
tion which reduced spontaneously on the intro
duction of further barium.

cedure (Fig. 4). A second gastrointestinal series
two days later again showed the intragastric
mass and its spontaneous reduction (Fig. 5).
The diagnosis of recurrent jejunogastric in
tussusception was made on the basis of the
radiological findings. Both loops of the gastro
enterostomy appeared to be involved but this

T >e h

Fig. 3.—Classification of jejunogastric intussusception.

type

nr
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with greater free length tends to intussuscept further and become incarcerated,
leading to acute irreducible intussusception.
W ithout operative intervention,9 the
mortality of this condition is almost 100% .
Bettman and Baldwin3 report a mortality of
50% among those not operated upon with
in 48 hours of the onset of symptoms. Of
Shackman’s cases, 30% were diagnosed
correctly only at autopsy, having been
previously diagnosed as gastric neoplasm,
or hematemesis from peptic ulceration, and
treated conservatively. W ith modern diag
nostic aids, resuscitation and anesthesia,
the prognosis is much improved, but the
most important aid to early, correct diag
nosis and treatment is to bear this condi
tion in mind.
Su m m a r y

Fig. 5.—Gastric filling defect with patent duo
denum but obstructed gastroenterostomy, suggest
ing Type 3 intussusception.

was not confirmed. No other abnormality was
found. The patient’s hemoglobin level dropped
from 13.2 g./lOO ml. three weeks before ad
mission to 7.5 g./lOO ml. shortly after ad
mission. She was given 4000 c.c. of blood
over a five-day period, following which the
bleeding stopped. She was discharged with a
hemoglobin of 12.7 g./lOO ml.
She was re-admitted with further gastro
intestinal bleeding at the end of October 1966,
and subsequently died of liver failure. At
autopsy, there was direct extension of the
pancreatic carcinoma to the transverse colon.
Mucosal and submucosal hemorrhage explained
her bleeding. No abnormality was found in
the gastroenterostomy or the adjacent jejunum.
Acute jejunogastric intussusception may
just be a more severe episode in the course
of chronic recurrent disease, during which
the intussusceptum becomes incarcerated.
Alternatively, Aleman has suggested that
the afferent loop, being tethered with only
a short free length, causes chronic recurrent
intussusception, whereas the efferent loop

Acute jejunogastric intussusception fol
lowing partial gastrectomy is described and
the literature is briefly reviewed.
Some possible predisposing factors are
discussed but the etiology remains obscure.
The intussusception is readily corrected
at operation, but the mortality is high if the
condition is not recognized and treated
early.
A patient with recurrent asymptomatic
jejunogastric intussusception is presented
for comparison.
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R esu m e
L ’invagination jejunogastrique aigue est une rare
complication de la gastro-enterostomie ou de la
gastrectomie de Billroth (2eme maniere). Le
tableau clinique caracteristique du patient qui
vient de subir une gastrectomie comporte une
crise douloureuse aigue de l’abdomen superieur,
suivie de vomissement persistant, d’abord du
contenu gastrique normal, puis de substance rappelant le marc de cafe ou compose de sang.
Le diagnostic est confirme par Fexamen radiologique. Des plaques sinmles de l’abdomen peuvent parfois mettre en evidence une masse lobulee
dans le quadrant abdominal superieur gauche. Le
repas baryte rnontre les valvulae conniventes invaginees sous forme d’anneaux entourant un gros

CARCINOMA OF TH E ANAL
CANAL AND ANUS
The current management at the Mayo Clinic
of squamous cell carcinoma of the anal canal
and anus is summarized. From 1944 to 1953,
74 patients were encountered and treated.
The overall survival rate was 53%. In a group
of 24 patients, radical abdominoperineal re
section without nodal dissection yielded an
83% five-year survival rate, with survival of 20
patients. Of 15 patients who underwent a
radical excision with a groin dissection, 40%
or six patients, survived for five years. The
majority of the tumours were of Broder’s grade
3 and Duke’s class C classifications in which
muscularis penetration was common by the
time treatment was instituted.
In previous years, treatment by local ex
cision was popular, but it was eventually dis
carded. Primary radiation treatment has also
been discarded. Results with combined surgi
cal and radiation treatment were found to be
no better than those with radical surgical ex
tirpation alone. In patients with regional nodal
involvement, radical surgical treatment yielded
a group of five-year survivors that was at least
50% smaller than the surviving group among
those patients without such involvement.
Presently, a combined abdominoperineal re
section is the treatment of choice at this in
stitution. The status of an associated inguinal
node dissection is yet to be settled; previous
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vide de remplissage gastrique.
Cette pathologie dont l’etiologie reste mysterieuse peut survenir a n’importe quel moment
apres une intervention gastrique, parfois plusieurs
annees plus tard. Parmi les facteurs etiologiques
possibles, on a cite un peristaltisme retrograde du
jejunum, stimule par l’acidite gastrique, une pression differentielle entre l’estomac et l’intestin grele
ou encore une sorte de nranchette de muqueuse
jejunale se projetant dans la bouche de la gastroenterostomie. Les dimensions de la bouche gas
trique ne semblent pas jouer un role important.
La simple reduction operatoire de l’invagination
donne de bons resultats, mais la mortalite qu’on
observe apres cette intervention est elevee si la
pathologie n’a pas ete diagnostiquee et traitee
rapidement.
On observe aussi parfois des invaginations
chroniques recidivantes. Cette forme peut etre
silencieuse ou provoquer des malaises intermittents
et de la douleur abdominale.
Les auteurs presentent deux malades: un
malade avait une invagination jejunogastrique
aigue, I’autre etait du type chronique.

experience with this combined surgical ap
proach for patients in whom positive inguinal
nodes were present resulted in no five-year
survivors. However, in those patients without
positive inguinal nodes, the combined extirpa
tion and nodal dissection led to prolonged
survivals in many instances. During the past
15 years, groin dissection was performed in
only seven instances.
Recently, local excision of the tumour in
carefully selected patients has been reintro
duced. If the lesion was seen to involve the
dentate line, little if any difference was ob
tained in the survival periods, regardless of
whether the treatment was conservative or
radical. If the lesion was distal to the dentate
margin, an 83% five-year survival rate was ob
tained with conservative treatment, as com
pared to a 67% rate when there was radical
treatment. It has been noted that the average
grade as well as the size of the malignant
tumour was greater in patients treated by
radical means. Conservative treatment con
sisted of local excision or irradiation with
roentgen ray, radium, or radon, or any com
bination thereof. The authors emphatically
stress that the anatomic relationship between
the malignant growth and the dentate margin
is important in determining the type of therapy
to be used.— Hightower, B. M. and Judd, E.
S.: Squamous cell carcinoma of the anal canal
and anus; current status of therapy, Mayo
Clin. F ive., 4 2 : 271, 1967.
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ADENOMA OF THE COMMON BILE DUCT CAUSING
OBSTRUCTIVE JAUNDICE0
J. A. McINTYRE, M.D., F.R.C.S.[C], F.A.C.S. and PAY-ZEN CHENG, M.B.,
Toronto, Ont.

Benign lesions of the common bile duct

are an uncommon cause of obstructive
jaundice and frequently may be overlooked
during biliary-tract surgery. The purpose
of this communication is to describe a
benign adenoma of the common bile duct
and an unusual problem encountered in the
management of the patient. A brief follow
up of a similar case reported in 19581 is
also presented.
C ase R eports

Case 1.—S.R., a 67-year-old white man
born in Czechoslovakia, had been followed in
the Outpatient Department of St. Joseph’s
Hospital, Toronto, since March 1962, because
of Huntington’s chorea. He had no history of
jaundice before admission to the hospital and
his only medication had been benztropine, 2
mg. three times daily.
He was admitted to hospital on November
9, 1965, for elective repair of a right, indirect
inguinal hernia. After operation he became
jaundiced. At that time the total serum bili
rubin was 2.9 mg./lOO ml., direct 1.5 mg./lOO
ml. and the alkaline phosphatase was 50.6
King-Armstrong (KA) units. The prothrombin
time was normal and the urine was positive
for bile.
On December 6, 1965, because of persistent
jaundice, the common bile duct was explored
and a cholecystectomy performed. Multiple,
large, soft, brown pigmented stones were re
moved from the common bile duct. An opera
tive cholangiogram showed a dilated biliary
tree, some constriction about the ampulla, but
no definite obstruction.
On December 13, because of his choreiform
movements, the patient accidentally pulled
out his T tube; however, he recovered un
eventfully. On discharge on December 22,
1965, the total serum bilirubin was 1.7 mg./
100 ml., direct 0.8 mg./lOO ml. and the alka
line phosphatase 62.2 KA units.
On January 13, 1966 the patient was re
admitted to St. Joseph’s Hospital because of
dysuria, and was treated in the Department of
Urology. At this time his total serum bilirubin

was 0.55 mg./lOO ml., and direct 0.41
mg./lOO ml. The alkaline phosphatase had
fallen to 26.4 KA units.
Six weeks later, on February 28, 1966, he
was readmitted because of recurrent jaundice
with the characteristic itching. The total serum
bilirubin was 7.0 mg./lOO ml., direct 4.6
mg./lOO ml. and the alkaline phosphatase
68.3 KA units. The total serum protein was
6.5 mg./lOO ml., with albumin of 3.8 mg./lOO
ml. and globulin of 2.1 mg./lOO ml. The serum
glutamic oxaloacetic transaminase was 91
units/ml. Prothrombin time was normal. The
hemoglobin was 13.5 g./lOO ml. and leukocyte
count was 14,700/c.mm.
On March 9, 1966 the common bile duct
was explored again. The duct, which was easily
isolated from the surrounding tissue, contained
three small pigmented calculi. The common
bile duct was markedly dilated measuring 2
cm. in diameter. A T-tube operative cholangio
gram revealed a markedly dilated biliary tree
with obstruction at the papilla of Vater (Fig.
1).
On transverse duodenostomy, a papillary
growth was seen surrounding the papilla and

“From the Department of Surgery, St. Joseph’s
Fig. 1.—T-tube cholangiogram before excision
Hospital, 30 The Queensway, Toronto, Ont.
of the adenoma.
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Fig. 4.—After insertion of the tube.

Fig. 2.—Adenoma at the ampulla of Vater.

arising from the common bile duct itself (Fig.
2). Close by, was a duodenal polyp (1 x 1 x
0.5 cm.), arising from duodenal mucosa.
The papillary growths at the papilla of
Vater were completely removed by sharp
dissection and the base of the growth was
cauterized with a low-voltage coagulating
current (Fig. 3).
Because of his mental deterioration and his
choreiform movements, we did not trust a
long-arm T tube to prevent stricture formation
at the lower end of the common bile duct

Fig. 3.—After excision of the adenoma.

(Fig. 4). A stainless-steel tube was sutured in
place at the lower end of the common bile
duct and a No. 14 French T tube was inserted
through the upper opening in the duct. The
duodenostomy was closed in two layers with
no encroachment upon the lumen.
After operation the patient did well. At the
time of discharge, his total serum bilirubin
was 1.5 mg./lOO ml. and direct 0.8 mg./lOO
ml. The alkaline phosphatase had fallen to
25.1 KA units.
The lesion of the duodenum was an adeno
matous polyp. The lesion from the lower end
of the common bile duct was an adenomatous
polyp of the common bile duct (Fig. 5). After-

Fig. 5.—Microscopic picture of the adenoma
(original magnification x 63).
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operation, a T-tube cholangiogram showed
free drainage of the opaque medium into the
duodenum and marked dilatation of the biliary
tree, which had not disappeared at the time
of discharge. Radiographs on March 18, 1966
showed that the metal tube was still in place
(Fig. 6).

Fig. 6.—T-tube cholangiogram after excision of
the adenoma and insertion of a Pierce tube. Good
drainage of the dye was obtained.
The patient was periodically followed in
the Outpatient Department. On April 18,
1966 the total serum bilirubin was 0.7 mg./100
ml., direct 0.3 mg./100 ml. and the alkaline
phosphatase 30.4 KA units. Shortly after these
tests, the patient pulled out the T tube and
no further cholangiograms could be obtained.
The patient died suddenly at home on
April 27, 1966, seven weeks after operation.
The coroner reported that the cause of death
was pulmonary edema. On postmortem ex
amination, there was no evidence of residual
tumour or obstruction of the common bile
duct.
Case 2.— S.D., a 39-year-old man was ad
mitted to hospital in February 1955 because
of gradual onset of obstructive jaundice.
An adenoma, 0.5 cm. in diameter, was ex
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cised transduodenally during exploration of
the common duct.
Now, 12 years after the operation, the
patient has no symptoms. His physical ex
amination on March 17, 1967 was within
normal limits.

D iscussion
Marshall2 described four benign tumours
of the extrahepatic biliary tree encountered
during the 20-year period ending January
1, 1930. In 1931, Shapiro and LifendahF
found 3 benign and 12 malignant tumours
of the extrahepatic biliary tract in 2500
autopsies at the Cook County Hospital,
Chicago.
In 1950 Chu,4 reviewing benign neo
plasms of the extrahepatic biliary ducts,
collected 31 such tumours that were histo
logically confirmed. The type and frequency
of lesion in his series were as follows:
adenoma 16, papilloma and polyp 10,
neuroma 3 and fibroma 2.
In 1952, Moore, McElwee and Romiti5
collected 53 benign tumours of the biliary
tract; 33 of these were epithelial tumours,
described as adenomas, papillomas, polyps
or cystic adenomas. The lesion was in the
common bile duct in 23, the ampulla of
Vater in 10, the cystic duct in 8, the hepatic
duct in 6 and, in 6, the location was not
stated. Adenoma of the common bile duct
usually presents as relatively persistent and
severe obstructive jaundice of gradual on
set. There may also be mild or moderate
pain, nausea and vomiting, but these symp
toms are inconstant. Choledocholithiasis
or cholelithiasis, if present, may influence
symptoms considerably. Pathologically, a
great variety of benign tumours have been
described. Epithelial tumours—adenomas,
papillomas, or polyps— are the most com
mon. Fibroma, lipoma, neuroma, mela
noma, myxoma, xanthoma, and mixed
tumours have also been reported. Cattell,
Braasch and Kahn0 classified polypoid
epithelial tumours of the extrahepatic
biliary duct as follows:
(a) Simple
(b) Multiple
(1) papillomatosis
(2) cystic papilloma
(3) papilloma with carcinomatous
change
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(4) papillary adenocarcinoma.
Most of the benign lesions of the extrahepatic biliary-tract ducts occur at the dis
tal portion of the duct. In 1960, Eiss, DiMaio and Caedo7 described a patient who
died as a result of multiple papillomas of
the entire biliary tract. The tumour should
be removed either by simple excision or
curettage. We considered the fulguration
of the base of the lesion prevented recur
rence. Local excision is done using a transduodenal approach and prolapsing the
tumour through the papilla.
In lesions with suspected or proved
malignant degeneration, transduodenal ex
cision of the ampulla of Vater and choledochoduodenostomy with pancreaticoduodenostomy have been recommended. Where
there is obvious invasion but no metastases,
pancreaticoduodenectomy should be ad
vised. Because the number of adenomas of
the common bile duct encountered by a
single surgeon are so small, few conclusions
can be drawn concerning the results of the
surgical management of this lesion. How
ever, as borne out by the second patient
who is alive and well 12 years after opera
tion, adequate local excision of a benign
adenoma in this location should result in
cure. The first patient died from unrelated
causes soon after operation so no follow-up
was possible.
In their review of 1952, Moore, McElwee
and Romiti5 reported that the prognosis
after surgical removal was poor. After a 1
to 12-year follow-up, Cattell, Braasch and
Kahn described excellent results in 8 out
of 16 such patients, some of whom had
malignant changes in the adenomas.

S um m ary
Adenoma of the common bile duct in a
patient with Huntington’s chorea is des
cribed. His choreiform movements created
unusual problems during the postoperative
drainage of the common bile duct. A stain
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less-steel tube was sutured at the junction
of the common duct and duodenum to pre
vent late stricture. Adequate local resection
of benign lesions at the lower end of the
common bile duct should result in cure of
this rare and interesting lesion.
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R esum e
Les auteurs presentent un cas d’adenome du
choledoque chez un malade atteint de choree de
Huntington. En raison d’un jaunisse persistante,
le 6 decembre 1965, on decida d’explorer l’abdomen du patient: de multiples calculs bruns, pigmentes furent enleves du choledoque.
Au cours de la periode post-operatoire, le
nialade enleva accidentellement le tube de drain
age en T pendant un de ses episodes de mouvements choreiformes. En dehors de cet incident, sa
convalescence fut normale.
Le 9 mars 1966, on dut proceder a une nouvelle
exploration, en presence dime rechute de l’ictere.
On fit l’ablation de plusieurs adenomes a l’extremite du choledoque. En vue de prevenir un
eventuel retrecissement, on plaga un tube d’acier
inoxydable a la jonction du choledoque et du
duodenum. Malheureusement, le malade mourut
subitement chez lui, d’une cause etrangere aux
diverses operations.
L ’un des auteurs presente un bref rappel d’un
cas similaire qu’il avait traite en 1958.
>Normalement, une resection locale suffisante
d’une lesion benigne de l’extremite distale du
choledoque se traduit par la guerison de cette
rare, mais interessante lesion.
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E X P E R I M E N T A L S URGERY
RAPID DEVELOPMENT IN DOGS OF INTRAMYOCARDIAL
VASCULAR PATHWAYS AFTER IMPLANTATION OF BLOODLESS
OMENTAL STRIPS IN THE RIGHT AND LEFT
VENTRICULAR MYOCARDIUM5
ARTHUR VINEBERG, M.D., Ph.D., F.A.C.S., A. K. SYED, M.D., M.Sc. and
W. J. PIROZYNSKI,
Montreal, Que.

right and left coronary systems.3 However,
epicardiectomy does open left luminal
myocardial channels, which permit the left
ventricle to siphon oxygenated blood from
its own lumen.3
When a free omental graft is wrapped
around the right and left ventricles after
epicardiectomy and seropericardiectomy,
it introduces arterial blood from the aortic
and mediastinal arteries into both coronary
systems.4
The free or detached omental graft dis
tributes blood from one arterial zone to the
other through its own arteriolar network.4
When the right internal mammary artery
is implanted into the right ventricular myo
cardium, it revascularizes both right and
left coronary arterial systems.5
The combination of left internal-mam
mary-artery implantation into the left
ventricle, epicardiectomy and free omental
graft has been used successfully in the
treatment of many patients with “triple
coronary-artery disease”—atheromatous oc
clusion of left descending, right descending
and circumflex coronary arteries—and those
with left ventricular failure due to coro
nary-artery insufficiency. This combined
operation revascularized the entire heart.0
If, in addition to the combined operation,
the right internal mammary artery is im
planted into the right ventricular wall,
almost total heart revascularization is
achieved because both right and left
coronary systems are re-established and
intercoronary pathways develop through
the graft. The operation is most effective
when there is almost complete occlusion
of all three coronary arteries.7
All the above-mentioned responses have
"From the Department of Surgery, Royal Victoria
Hospital and the Department of Experimental been demonstrated in the experimental
Surgery, McGill University, Montreal, Que.
and subsequently confirmed
fAssociate Professor of Pathology, McGill Uni laboratory
during or after the operative treatment of
versity, Montreal.
Since 1950, at the Royal Victoria Hospital,
Montreal, we have been treating patients
with coronary-artery insufficiency by in
ternal-mammary-artery implantation and
supplemental procedures. It is the purpose
of this paper to review our experience and
draw from it certain lessons pertinent to
this form of treatment. Several Canadian
contributions to these developments will be
examined in detail because many may
have forgotten the origins of these contri
butions.
From the work in our laboratories and
operations devised to apply these experi
mental results to the treatment of human
coronary-artery disease, we have estab
lished that:
The left internal mammary artery im
planted in the left ventricular myocardium
remains open and forms extensive mam
mary coronary anastomoses in 78% of pa
tients thus treated.1
Implanted internal mammary arteries
have been found to be fully patent and
functioning when these patients have been
examined up to 1214 years after operation.2
In three of our patients we have shown
that the sole source of myocardial blood
supply was the internal mammary artery
implanted 4, 10 and 1214 years previously.
In each of these three patients, the main
stems of the right, anterior descending and
circumflex coronary arteries were com
pletely occluded.2
Left ventricular epicardiectomy opens
collaterals between the anterior descending
and circumflex arteriolar zones but does
not open vascular pathways between the
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coronary-artery disease in 450 patients. This
confirmation was obtained during life by
cineangiography of implanted arteries or
at post mortem when the implanted in
ternal mammary artery is injected with
radiopaque mass and the heart radio
graphed to show internal-mammary-artery
branching and anastomoses with the
coronary arterioles; the latter are confirmed
by histopathological studies. This clinical
experience has shown the need for the
rapid development of collaterals through
which all arterial blood reaching the ven
tricular myocardium would be evenly and
rapidly distributed throughout both
coronary-artery systems. Our injection
studies of many hundreds of internal mam
mary arteries implanted into the left ven
tricular myocardium of dogs have outlined
extensive arteriolization around the im
planted internal mammary artery. This
suggested that the making of a tunnel
through right and left ventricles both
anteriorly and posteriorly might stimulate
the formation of collaterals between right
and left coronary systems and between the
anterior descending and circumflex coro
nary arteriolar zones. Our experimental
objective was therefore to create intramyocardial vascular arterial channels between
coronary arteriolar zones.
R ea so n fo r B u ild in g
I n t r a m y o c a r d ia l V a sc u la r
P a t h w a ys

Over the years we have encountered two
groups of patients in whom epicardiectomy
could not be performed and thus the ap
plication of a surface omental graft would
not have been of any value.
(1) Those with pericarditis due to in
flammatory reactions following operations
on the myocardium, or myocardial infarc
tions.
(2) Those patients with so much sub
epicardial fat that epicardiectomy was
technically impossible.
Because, with the epicardium in place,
a free omental graft can only with difficulty
form connections with the myocardial ves
sels, we sought means to develop intra
myocardial pathways between right and
left coronary systems both anteriorly and
posteriorly.
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For many years we have believed that
the myocardial arteriolar network is the
basic unit of the coronary system and it is
into this arteriolar network that we im
planted the internal mammary arteries. The
different arteriolar zones were unified by
epicardiectomy and free omental graft. To
improve this intramyocardial arteriolar
transportation system, we deliberately
created new myocardial vascular pathways
by the intramyocardial implantation of
various tissues. The plan was to create a
low-pressure area in the left ventricular
arteriolar system by placing ameroid con
strictors on the anterior descending and
circumflex coronary arteries. The right
coronary artery was left intact. We postu
lated that, by threading different types of
tissue through the wall of the right ven
tricle across the midline into the wall of
the left ventricle, both anteriorly and
posteriorly, the right coronary arterial flow
could be diverted to the left coronary sys
tem. Thus, to improve the intramyocardial
arteriolar transportation system, we created
intramyocardial vascular pathways that
would shunt arterial blood from a highpressure coronary arteriolar zone to a lowpressure arteriolar zone.
M a t e r ia l s

a nd

M ethod

Seventy dogs between 2 and 4 years of
age weighing approximately 40 to 50 lb.
were used. They were anesthetized using
intravenous pentobarbital. Adequate ven
tilation was maintained with a Bird res
pirator. Through a left thoracotomy inci
sion, the pericardium was opened anterior
to the phrenic nerve. In all animals, a
coronary-artery ameroid constrictor was
placed around the origins of the anterior
descending
and
circumflex coronary
arteries. Forty control animals had no other
operative procedure. Fifteen dogs, Group
A, had two strips of bloodless omentum,
to >% of an inch wide, threaded through the
anterior and posterior ventricular walls,
neither strip going beneath the right
coronary or circumflex arteries. Fifteen
dogs, Group B, were treated in the same
way as those in Group A except that the
anterior bloodless omental strip was car-

Vi
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ried across the left ventricle through the
right ventricular wall and ended medial to
and beneath the right coronary artery.
Control group, 40 an im als—After the
pericardium was opened, the main stems
of the anterior descending and circumflex
coronary arteries were dissected out and
ameroid constrictors with a lumen of 1/1000
of an inch were placed around the origins
of these arteries. Any branches arising from
the trunk proximal to the constrictors were
cut between ligatures. The ameroids were
rotated 180° to prevent the ameroid slip
ping off the artery. The pericardium was
then closed. In previous studies of this
procedure in many hundreds of dogs, 85%
died after an average period of 28 days.
The animals that survived (15% ) ap
parently did so because there was a natural
communication between the right coronary
and the left coronary arterioles along the
atrioventricular groove.
Bloodless Omental-Strip M yocardial
Implantation
The intramyocardial omental graft was
implanted into two groups of 15 dogs by
one of two techniques (see below). In all

CONTROL
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these dogs the ameroid constrictors were
placed on the anterior descending and cir
cumflex coronary arteries, and the omental
strips were threaded through the ventri
cular myocardia in a single procedure.
Group A, 15 an im a ls—A Vi to %-inchwide strip of bloodless omentum was tun
nelled in the anterior wall of the left
ventricle beginning one inch below the
division of the anterior descending and
circumflex coronary arteries, and was car
ried across the midline and continued in
the anterior wall of the right ventricle
medial to the right coronary artery. A
second piece of omentum was inserted
behind the right coronary artery, tunnelled
into the posterior wall of the right ventricle
crossing the region of the apex to end deep
in the posterior wall of the left ventricle.
Neither strip of omentum was fixed by
sutures to the myocardium.
Group B, 15 anim als.—Ameroid constric
tors were placed as in the controls. The first
Vi to %-inch-wide omental strip was im
planted in the anterior wall of the right
ventricle, carried behind and parallel to
the right coronary artery, across the intra
ventricular septum and into the wall of the

CHANNEL DEVELOPMENT

CROSS-SECTION OF OMENTAL GRAFT FROM
L E F T VENTRICLE

Fig. 1.—Artist’s drawing of the bloodless omental strips showing intramyocardial im
plantations, ameroid constrictors on the anterior descending and circumflex coronary arteries,
and anastomoses between the vessels in the omental strips and the right and left coronary
systems.
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left ventricle. The second strip was started
from the posterior wall of the left ventricle,
carried up and parallel to the circumflex,
across beneath the anterior descending and
ending at the lateral side of the right
coronary artery (Fig. 1).
Evaluation of O perative Procedure
The effect of these operative procedures
was evaluated in terms of the following:
(1) Survival time.
(2) Anastomoses demonstrated between
the right coronary system and the left.
(3) The degree of coronary-artery oc
clusion produced by the ameroid constric
tors and evidence of myocardial infarction
in either ventricular wall (Table I).
T A B L E I . — D e s ig n

of

Vol. 11

eluded that no functional anastomoses ex
isted. With respect to anastomoses, such a
heart was graded as “nil”. When less than
50% of the left coronary-artery system was
filled, anastomoses were said to be
“present”. When 50 to 75% were filled,
the anastomotic connections were termed
good’ . When there was more than 75%
filling of the left coronary arteriolar tree,
the anastomoses were termed “complete”.
H istological Studies
After injection all hearts were fixed in
formalin. The ameroid constrictors were
removed from the coronary arteries and
sections were taken through the coronary
arteries at the points of constriction. The
degree of occlusion of each coronary artery

E x p e r i m e n t f o r R a p id D e v e l o p m e n t o f I n t r a m y o c a r d ia l V a s c u l a r P a t h w a y s
Observations
Right to left
anastomoses

Group

Of
dogs

Control

M yocardial
infarction

P resent

Complete

(% )

(% )

(% )

100

15

0

Procedure

Pu rpose

Survival
(% )

40

Ameroid constriction of anterior
descending and circumflex arte
ries

Left ventricular ische
mia

15

Group A

15

.Same plus myocardial bloodless
om ental strips anterior and pos
terior walls right and left ventri
cles

Channel right coro
nary blood to left
coronary system

93

7

7

93

Group B

15

Sam e except anterior strip car
ried under right coronary artery

Channel right coron aiy blood to left
coronary system

100

0

0

100

In both the control and treated groups,
all dogs that died from infection, pleural
effusion, atelectasis or lobar pneumonia
were discarded from the series. Those that
survived for more than 60 days were sac
rificed and the hearts were studied using a
number of special techniques.
Injection Studies
In this series, only the right coronary
artery was injected using the new Schlesinger mass at pressures between 120 and
140 mm. Hg. After injection, the heart
was radiographed, “unrolled”, and radio
graphed again.
Evaluation o f Anastomotic Channels
If, following injection of the right coro
nary artery, no radiopaque dye was seen
in the left coronary system, it was con-

was determined and recorded as a per
centage of the original lumen.
Histological sections of the anterior and
posterior walls of the left ventricle were
studied for evidence of infarction and
myocardial fibrosis. In those hearts in
which the graft had been tunnelled into
the myocardia, sections were taken through
the wall of the ventricle in the region of
the graft to determine whether the omen
tal vessels were patent and whether
Schlesinger mass had reached the omental
vessels from the right coronary artery.
R esults

Of the 40 control dogs, 85% died be
tween 21 and 28 days and the other 15%
within 60 days. Injection studies showed
that no communications had developed
between the right and left coronary-artery
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systems in the 34 dogs (Fig. 2). The six
dogs that survived longer than 28 days but
died within 60 days had 50% filling of the
left coronary system. On the average in
the 40 animals, the lumen of the anterior
descending artery was reduced by 81.5%
and that of the circumflex by 76.6%. In
the control animals, the anterior ventricular
myocardium was infarcted in 60%, the
posterior ventricular wall in 30% and the
anterior and posterior ventricular walls in
10%.
The 30 treated dogs, all of which sur
vived ameroid constriction, were studied
80 days to 4 months after operation. In
every instance, injection of the right coro
nary artery filled the entire left coronary

Fig. 2a

Fig. 2.—(a) and (b) Dog No. 292. Control. Ameroids were placed on anterior descending and cir
cumflex coronary arteries. The dog died 28 days
later. The roentgenogram shows the right coronary
artery injected with new Schlesinger mass. There
are no anastomotic channels between the right
and left coronary systems.
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T A B L E I I . —G raft G roup A

T A B L E I I I . — G raft G roup B

Degree o f occlusion:
percentage o f original
lumen
Survival
Vascular
Anterior Circum
time
communica descending
flex
Histological
Dog
in days
tion
artery
artery
assessment o f
number (sacrificed) right to left
ischemic change
(%)
(%)
453*

460
476
475
414
418
420
461
228
218
216
202
209
210
212

80

90
90
90
90
90
92
90
96
90
90
91
90
90
90

Present

Complete

60

90
80
80
90
90
85
100
90
90
80
75
80
60
80

85

75
70
70
80
70
80
95
75
90
70
80
90
90
50

Vol. I I

Scattered foci
left anterior wall
and posterior
wall
Nil

*Died 80 days postoperatively from myocardial infarction.

system. In Group A, 14 dogs were sacri
ficed and one died 80 days after operation
of myocardial infarction. This animal
had developed anastomoses. The remaining

Degree o f occlusion:
percentage o f
Communication
original lumen
from
--------------------------------Survival
right to left
Anterior
time
through omental descending Circumflex Myocardial
Dog
in days
myocardial
artery
artery
ischemic
number (sacrificed)
anastomosis
(% )
(%)
change
443
464
401
475
472
470
432
425
447
451
474
483
424
422
446

90
90
90
125
115
90
103
93
98
112
121
98
115
95
90

Complete

98
100
90
90
90
80
90
85
90
100
70
90
70
70
85

80
80
75
80
80
75
90
90
90
90
90
80
80
80
80

Nil

h

r*

29 animals had complete anastomoses be
tween the right and left coronary systems.
In Group B, 15 animals survived and none
had myocardial infarction in either ven
tricle. The details in both groups are shown
in Tables II and III.

'r

Fig. 3.—Roentgenogram of an unrolled heart after injection of the right coronary artery
in dog No. 471. This dog died eight days after intramyocardial omental-strip implantations and
placement of the ameroid constrictors on the anterior descending and circumflex vessels respec
tively. The direction of the right coronary arterioles has changed and they are now bending towards the
omental graft, which is traversing the upper portion of both right' and left ventricles anti thenlower portions. At this early stage, Schlesinger mass is visible in the anterior descending coronary
artery as well as in the vessels in the upper graft.

w
✓
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Fig. 4a
Fig. 4b
Fig. 4.—Dog No. 422. (a) Bloodless omental implantations have survived ameroid constriction
of anterior descending and circumflex coronary arteries. The arrows demonstrate these implanted
omental strips, (b) As Fig. 4a except that the right coronary artery has been injected with Schlesinger
mass. This filled the left coronary system via the implanted bloodless omental-graft strips which have
joined the right and left coronary arteriolar systems. The arrow indicates the graft, which shows numer
ous vessels that leave the right coronary artery, traverse the right ventricular wall and will soon join
the left coronary arteriolar system.

Development of Intramyocardial
Vascular Pathways via Implanted
Omental Strips

By accident we found that the omentum
formed communications with the intra
myocardial arterioles within eight days of
implantation. In dog No. 471, which died
from a wound infection on the eighth post
operative day and was not included in the
series because of wound infection, injection
of the right coronary artery not only filled
the right coronary arteriolar system but, in
the unrolled heart, the branches of the
right coronary artery could be seen bend
ing towards the buried omental graft like
the leaves of a tulip. The upper portion of
the roentgenogram in Fig. 3 shows this
clearly and also the filling of the anterior
descending coronary artery via the im

planted graft. In animals studied 95 days
or more after omental-strip implantation,
extensive intramyocardial vascularity had
developed (Fig. 4).
In Fig. 4a, the ameroid constrictors are
seen on the origins of the anterior descend
ing and circumflex coronary arteries and
the arrows indicate the position of the
implanted bloodless omental-graft strips.
In Fig. 4b, the only injection made was
through the right coronary artery and it
filled the entire left coronary system. The
arrow shows the vessels in the graft that
run from the right coronary through the
right ventricle and left ventricle to join
the coronary vessels of the left ventricle.
Histological sections through various
parts of the ventricular walls showed no
evidence of myocardial infarction in any
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Fig. 5.—Photomicrograph of a histological section taken through the site of bloodless omental-stnp implantation of the wall of the left ventricle in Dog No. 422, sacrificed 95 days after
operation. Note the healthy surviving omentum with numerous patent vessels filled with Schlesinger mass from right coronary-artery injection.

of the dogs, except No. 453 in Group A.
Histological section (Figs. 5 and 6) taken
through the site of omental implantation in
the left ventricular myocardium shows the
omental vessels filled with Schlesinger mass
which was injected into the right coronary
artery. There appears to be no or little re
action by the myocardium to the insinua
tion of a bloodless omental strip between
its fibres (Fig. 7). The omental strip ap
pears to slip between myocardial fibres like
pseudopodia. Over a period of several
months the presence of the omentum in the
myocardial wall appears to have created
no adverse effect on cardiac function.

culation in eight days with any surrounding
arterial blood supply has been applied to
the use of intramyocardial bloodless omen
tal strips. The ability of the omentum to
arteriolize rapidly has permitted the cre
ation of new intramyocardial vascular path
ways connecting the right and left coro
nary arterial systems and the arteriolar
zones of the anterior descending and cir
cumflex vessels. Through their surface
arterioles the large vessels in the omental
strip appear to make direct contact with
intramyocardial arterioles. By the operative
procedure the myocardial arterioles of both
ventricles and intraventricular septum are
rapidly and efficiently unified. As stated
D iscussion
earlier, a similar result has been accom
The knowledge that bloodless surface plished by epicardiectomy and application
omental grafts establish a capillary circu of surface bloodless omental grafts. How
lation in three days and an arteriolar cir ever, this latter procedure cannot be ap-
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Fig. 6.—Dog No. 432. A similar situation to that seen in Fig. 5. A section through the wall of
the left ventricle at the site of the implantation 103 days after operation shows healthy omentum that
contains many blood vessels filled with Schlesinger mass from right coronary-artery injection.

plied in certain types of human hearts. In
the past six months, the principle of build
ing intramyocardial pathways has been
extended to obtain oxygenated blood from
both subclavian arteries. This is done by
wrapping a strip of omental graft around
each artery and then implanting the grafts
into both right and left ventricular walls.8
We now have four dogs that have lived for
four months after all coronary arteries were
occluded with ameroid constrictors. This
survival was made possible by blood sup
plied by the subclavian arteries via im
planted omental-graft strips.8
Su m m a r y

and

C on clusion

In 70 dogs the anterior descending and
circumflex main stem coronary arteries
were occluded with ameroid constrictors.
Of the 40 dogs in the control group, who
had nothing done except the placement of
the ameroid constrictors, 36 (85%) died
within 21 to 28 days, and 4 (15%) within
60 days. Those that died early had no com

munications between the right and left
coronary systems. The 15% that survived
longer than 28 days did not have complete
communication either and died later. The
36 animals that died early had a higher
rate of myocardial infarction than those
that survived longer than 28 days. The
average degree of occlusion produced by
the ameroid constrictors was 79.5%. Of
30 dogs in which bloodless omental strips
were threaded through the wall of both
ventricles, anteriorly and posteriorly, 29
survived; of these only one showed evi
dence of myocardial infarction. In the 29
treated animals that survived, the average
occlusion of the anterior descending artery
was 90.25%, and of the circumflex was
80.3%.
Injection of the right coronary arteries
clearly showed that, beginning eight days
after operation, the implanted bloodless
omental strips rapidly formed communi
cations between the right and left arteriolar
systems. These communications diverted
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Fig. 7.—Histological section through left ventricular myocardium at the site of omental-strip
implantation. Note lack of reaction and apparent insinuation of omentum between myocardial fibres.

right coronary blood to the left side and
relieved the myocardial ischemia created
by ameroid constriction of the left anterior
descending
and
circumflex
coronary
arteries.
We believe that this is a valuable pro
cedure for distributing, via newly formed
intramyocardial vascular channels, oxy
genated blood from one part of the heart
to another. As a method of distributing
blood, it may well be more effective than
applying a free omental graft to the surface
of the heart.

3. V in e b e r c , A. M., B e c e r r a , A.
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Chez 70 chiens, les troncs principaux des arteres
coronaires, la coronaire gauche descendante et la
eirconflexe ont ete mis en occlusion au moyen de
constricteurs ameroi'des. Chez les 40 chiens du
groupe-temoin, qui n’avaient pas regu d’autre
traitement que l’installation des constricteurs
ameroi'des, 36 (8 5 % ) sont morts dans un delai de
20 a 28 jours et les 4 autres (1 5 % ) en 60 jours.
Ceux qui sont morts precocement ne presentaient
aucune communication entre les coronaires droite
et gauche. Quant aux animaux qui survecurent
plus de 28 jours, la communication entre les deux
systemes etait incomplete. L ’infarctus du myocarde etait plus important chez les 36 chiens
qui moururent precocement que chez les 4 autres.
Le degre d’occlusion provoque par les constric
teurs ameroi'des etait en moyenne de 79.5% .
Par centre, sur 30 chiens chez lesquels on avait
enfile des bandes d’epiploon non vascularise a
travel's la paroi des deux ventricules, un seul

presentait des signes d’infarctus du myocarde.
Chez le 29 survivants traites, 1’occlusion moyenne
de l’artere de la coronaire gauche descendante
etait de 90.25% et celle de la eirconflexe de
80.3%.
L’opacification des arteres coronaires droites a
permis de montrer clairement que, des le huitieme
jour apres 1’operation, les bandes d’epiploon
avaient forme des communications entre les sys
temes arteriolaires droit et gauche. Ces communi
cations ont permis de deriver le sang de la
coronaire droite vers la coronaire gauche et de
soulager l’ischemie myocardique creee par la
constriction amero’ide de la coronaire gauche des
cendante et de la eirconflexe.
Nous estimons que cette methode est precieuse,
en ce sens qu’elle perrnet de repartir, par les neoformations vasculaires. le sang oxygene entre une
partie du coeur et l’autre. Comme methode de
distribution du sang, elle peut etre plus efficace
aue celle consistant a appliquer une greffe libre
d’epiploon sur la surface du myocarde.

COARCTATION OF ABDOMINAL
AORTA W ITH RENAL ARTERIAL
STEN O SIS
Sixteen instances of coarctation of the ab
dominal aorta from a total of 26 instances,
seen during the past 13 years, were associated
with renal-artery stenosis. Four patients were
male. The ages of the 16 patients ranged from
6 to 41 years. All had severe hypertension
which, in most instances, was recognized at an
early age. Symptoms in most consisted of
headache and fatigue after minimal exercise.
Antihypertensive drug therapy was associated
with poor control. All patients had diminished
blood pressure in their lower limbs with re
duction of femoral and pedal pulses, but with
severe claudication in only one patient. Auscul
tation of the abdomen revealed a loud murmur
in all patients. Ischemia of visceral organs or
of the lower limbs was rarely of clinical sig
nificance, and roentgenograms of the chest and
abdomen did not disclose any significant ab
normalities other than left ventricular hyper
trophy.
It has been reported that in patients not
operated upon, the average age at death is 30
years. It is suggested that the condition is
probably of congenital origin. Although patho
logic tissue for study was not available in all
patients, the characteristic pathologic features
consisted of increased density of surrounding
connective tissue and marked intimal prolifera
tion with accumulation of elastic and colla
genous tissue in the region of the media. In
the majority of patients the coarcted segment

was fairly sharply defined, arising immediately
above or below the celiac axis and usually
terminating just above the origin of the inferior
mesenteric artery. The most distinctive feature
of this pattern of the disease was the tendency
of the coarcted segment to involve the origin
of the renal arteries. Such involvement seldom
extended more than a few millimetres beyond
the point of origin of the artery, and the renal
artery distal to the ostia was relatively normal.
Bilateral renal-artery involvement was found in
11 patients.
The authors believe that separate midline
abdominal incisions and left thoracotomy are
preferable to the thoracoabdominal approach,
and suggest that the bypass principle using
knitted Dacron tubes is the most satisfactory
and efficacious. In all patients in this series
except one, the operative procedure consisted
of a bypass graft using knitted Dacron tubes
with end-to-side anastomosis from the de
scending thoracic aorta above the coarcted
segment to the abdominal aorta below this
segment, with similar bypass grafts from the
thoracoabdominal bypass graft or from the
abdominal aorta to the renal arteries.
There were no immediate or later deaths
in the series. Nephrectomy was performed in
three instances, and follow-up studies on all
patients extending for periods over five years
showed that all have remained normotensive
and free of symptoms.— De Bakey, M. E . et
al.: Coarctation of the abdominal aorta with
renal arterial stenosis: surgical considerations,
Ann. Surg., 165: 830, 1967.
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OVARIAN TRANSPLANTATION TO AN INTRAUTERINE LOCATION:
SURVIVAL OF OVARIAN PED ICLE AUTOGRAFTS0
P. DORR, M.D., C.M., F.R.C.S.[C], M. ABED, M.D. and D. S. KAHN, M.D.,
M ontreal, Que.

D isease of and damage to the fallopian
tubes, as after salpingitis or ectopic preg
nancy, is a major cause of sterility in
women. Operative procedures to restore
tubal patency, even when performed by
experts after careful selection of cases, have
been successful in only 30% V 2 Even
though tubal patency may be demonstrated
after operation, sterility often persists be
cause of the permanent loss of tubal mu
cosal ciliary activity and tubal peristalsis,
functions that are essential for the transport
of the fertilized ovum through the tube to
the uterine cavity. Such women also run an
increased risk of subsequent tubal preg
nancy. In many, tubal damage is too ex
tensive to permit operative repair, and
complete bilateral salpingectomy is the
only possible treatment. In surveying tubal
reconstruction, Siegler and Heilman3 found
that 50% of 734 gynecological specialists
in the United States had never operated
on an obstructed tube and only 11% had
performed 10 or more of these plastic
procedures. This lack of enthusiasm clearly
points to the poor prognosis in such re
construction and the need for an alternative
and, preferably, a technically easier pro
cedure.
The present investigation was under
taken to determine whether reproductive
and ovarian endocrine function could be
maintained in rabbits after an ovary was
transplanted within the uterine cavity. In
this project, we studied the factors affect
ing the survival of ovarian pedicle auto
grafts.
M aterials

and

rabbit chow with supplemental green-leaf
vegetables.
The animals were anesthetized using in
travenous pentobarbital (15 mg./ml.). The
peritoneal cavity was entered through a
midline suprapubic incision approximately
4 cm. long. The right uterine horn, right
fallopian tube and right ovary were un
disturbed and served as the control. The
left fallopian tube was ligated and com
pletely excised. The left ovary was dis
sected free of the abundant paraovarian fat
tissue and its main blood supply left intact
to form a vascular pedicle. The ovary was
then inserted into the cavity of the left
uterine horn through a stab incision at
the upper end on the antimesometrial side.
A single stay suture anchored the ovary to
the uterine wall within the uterus. The
stab incision was closed loosely around the
ovarian pedicle with interrupted sutures
(Fig. 1). Fine (4-0) nylon suture was used
exclusively.

M ethods

Domestic rabbits, weighing between 5
and 10 lb. were housed in individual
cages. They were fed standard laboratory
*From the Departments of Obstetrics and Gyne
cology, and Pathology, St. Mary’s Memorial Hos
pital and the Department of Pathology, McGill
University, Montreal, One.
Supported by Medical Research Council Grant
No. MA-2389.

T —fallopian tube (left excised), O—ovary, P—
vascular ovarian pedicle and S—stay suture).
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The rabbits were sacrificed in groups of
at least five at 7, 15, 30 and 60 days afteroperation. Animals that died or that de
veloped gross infection of the abdominal
wound, peritoneal cavity or other post
operative complications were eliminated
from the series. Twenty-four animals were
suitable for evaluation.
The right ovary and fallopian tube, to
gether with the uterus, were removed en
bloc and fixed in formalin. Following gross
examination and dissection of the organs,
representative tissue blocks were obtained
for histologic examination. Tissue sections
were stained with hematoxylin and eosin.
R esults

Results are summarized in Tables I and
II. At gross examination (Table I), opera
tive results were unsatisfactory in 6 of
24 animals (25% ). These failures were
technical and were associated with one of
the following: necrosis of the ovary due to
interference with its vascular pedicle, in
fections and abscess formation at the
operative site, or disruption of the uterine
wound and discharge of the ovary into the

TABLE

I. - R

esu lts a t

G

ross

E x a m in a t io n
T o ta l

Postoperative day
sacrificed...................
Number of animals........
Unsatisfactory results.. . .

TABLE

I I .— R

7
5
3

15
7
1

30
5
—

esu lts a t
H ist o l o g ic a l
I n t r a u t e r in e O v a r y

60
7
2

E

24
6

x a m in a t io n

of

T o ta l

Postoperative day
60
15
30
sacrificed................... 7
18
5
5
6
Number of animals........ 2
17
4
5
6
Viable ovarian tissue...... 2
4
5
16
5
Viable ova.................... 2
2
1
1
Corpus luteum.............. —
—
Inflammatory surface
2
7
3
—
exudate..................... 2
Connective-tissue proliferation:
_
_
3
3
(i) Nil..................... 2
2
12
(ii) Mild to moderate.. 2
6
2
2
—
—
(iii) Marked.............. —
Retention of reproductive
and endocrine function
14
2
5
5
(by histologic criteria). . 2
(40%) (71%) (40%) (71%) (58%)

peritoneal cavity. On culture, swabs from
the abscesses grew Listeria m onocytogenes.
In the 18 animals with grossly satis
factory operations, the reaction between
the grafted ovary and host uterine horn
was analyzed histologically. The following

Fig. 2.—Intrauterine pedicle ovarian graft, 60 days after operation (A—lipid-containing ovarian
stromal cells, B—primary and early developing follicles with ova, C —uterine cavity and D —uterine wall
with flattened endometrium) (x 24).

232

THE CANADIAN JOURNAL OF SURGERY

Vol. 11

Fig. 3.—Low-power view of intrauterine pedicle ovarian graft, 30 days after operation (A—
recent corpora lutea and B—secretory-type endometrium) (x 24).

factors were assessed: viable ovarian tissue,
viable ova, presence of corpora lutea, in
flammatory surface exudate and connec
tive-tissue proliferation (Table II).
The uteri contained viable ovarian tissue
in 17 of the 18 rabbits; follicles and viable
ova were present in 16 of these (Fig. 2).
Two of these also contained recent corpora
lutea (Fig. 3). One uterus contained only
adipose tissue from the ovarian pedicle.
One showed only lipid-containing ovarian
stromal cells but no follicles or ova. An
acute inflammatory exudate was present
on the surface of the ovary in 7 of 17
specimens. This reaction was absent in the
60-day specimens and was never seen on
the control (right) ovary. Connective-tissue
proliferation was present in the grafted
ovary in 14 of 17 specimens (Fig. 4). In 12,
this proliferation was mild and restricted
to the pericapsular region, while two speci
mens showed extensive fibrosis of the entire
ovary (Fig. 5).
The endometrium showed a negligible
inflammatory response; that adjacent to the
intrauterine ovary was usually flattened, as

if by pressure (Fig. 2). A secretory response
was seen in the endometrium of the two
uteri in which corpora lutea were found
(Fig. 3). The myometrial incision had
healed normally and there were no other
significant changes.
By histological criteria, the intrauterine
ovary appeared capable of reproductive and
endocrine function in 14 of the 24 rabbits
(58%).
D is c u s s io n

The domestic rabbit was selected as the
experimental animal because its reproduc
tive organs are large enough to permit surg
ical procedures without magnifying devices.
Also, the uterus is of sufficient volume to
contain the whole ovary. In addition, the
right and left uterine horns are completely
separate, each opening into a common va
gina through its own cervical canal (Fig.
1). This complete separation prevents mi
gration of ova from one cornua to the other.
Thus, one uterine hom with its tube and
ovary can serve as the unoperated control
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Fig. 4.-Intrauterine pedicle ovarian graft, 30 days after operation (A—developing and primary
follicles and ova. B—germinal epithelial inclusions (at original ovarian surface), C-pericapsular con
nective-tissue proliferation and D—uterine cavity) (original magnification x 60).

Fig. 3.—Intrauterine pedicle ovarian graft, 30 days after operation. Solitary persisting follicle
and ova with surrounding connective tissue replacing normal ovarian architecture (x 60).
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Fig. 6.—High-power view of secretory-type endometrium
uterine horn (x 100).

adjacent

Vol. 11

to

corpora

lutea in left

Fig. 7.—High-power view of proliferative-type endometrium in non-grafted right uterine horn
(x 100).
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while procedures are carried out on the
other side.
On gross examination, the operative re
sult was unsatisfactory in 25% of the rab
bits. These failures were reduced by pro
phylactic tetracycline in the first postopera
tive week, more careful hemostasis to pre
vent hematoma formation, and by avoiding
tension and torsion of the intrauterine ovary
and its vascular pedicle. However, in view
of the fact that cultures from the abscesses
grew Listeria m onocytogenes, uncommon
bacteria except in animals, it is possible
that these infections may have originated
in rabbits that were asymptomatic carriers.
Histologic examination demonstrated
that the transplanted intrauterine ovaries
were capable of histological responses. In
most specimens, the surface and pericapsular area showed either an exudate of fibrin
and acute inflammatory cells, or connectivetissue proliferation. These reactions resulted
in inclusions of the ovarian germinal epi
thelium and a thickened ovarian capsule.
While increasing the separation between
follicles and ovarian surface, this did not
appear to interfere with follicle maturation
and ovulation. Because these responses
were absent in three 60-day specimens, they
would appear to be related to manipula
tion during transplantation rather than to
the intrauterine position per se. Three other
specimens showed extensive fibrosis of the
intrauterine ovary. In two, the number of
follicles and ova was markedly reduced
and the amount of fibrosis appeared suffi
cient to interfere with ovulation. In the
third, only lipid-filled stromal cells re
mained, follicles and ova being absent. The
changes in these three transplants appear to
be on a different basis from those causing
the perieapsular reaction. Possibly they re
sult from definite interference with the
ovarian blood supply. It has been reported
that the ova are the ovarian component
most susceptible to anoxia and the least
likely to survive the manipulations of trans
plantation.4 Exudate or connective-tissue
proliferation was not found in the control
(right) ovary, in the myometrium, or in
the endometrium.
The secretory response was more pro
nounced in the endometrium surrounding
the intrauterine ovary than in the control

horn (Figs. 6 and 7 ). This suggests that
there is an additional direct hormonal effect
when the corpora lutea are in close proxim
ity to the endometrium.
The free space around the intrauterine
ovary was not obliterated by adhesions be
tween endometrium and germinal epitheli
um. Such a process would be most undesir
able because it would prevent the free ac
cess of ova to the uterine cavity, and thus
prohibit fertilization.
In 1934, Estes, Jr.5 continuing the work
of his father,® was unable to obtain success
ful pregnancies in rabbits following intra
uterine ovarian pedicle grafts. ( The current
Estes operation, however, is not a true intra
uterine ovarian transplantation.7) Stanca,
Jonesco and Popa,8 on the other hand, have
reported successful pregnancies in rabbits
after intrauterine ovarian transplants.
With rare exception,9 the few reports on
intrauterine ovarian grafts in humans have
appeared in the continental European
literature,8,10’ 11 where the procedure is
more popular than in North America. Suc
cessful pregnancies have followed less than
10% of such procedures. Although these
testify to the general feasibility of the pro
cedure, the low pregnancy rate indicates
that further study is needed to determine
the factors affecting success.
Sum m ary

Rabbits were used to study the survival
of intrauterine ovarian pedicle grafts. In 14
of 24 animals (58 % ) the procedure was
successful and, by histological criteria, the
intrauterine ovary appeared capable of re
productive and endocrine function. Failures
resulted from defective operative technique
and infection, and will be reduced as ex
perience with the method increases.
We plan to carry out other studies with
free ovarian autografts and homografts, and
to induce reproduction following these pro
cedures.
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Les operations pratiquees sur les trompes de
Fallope sont rarement steriles par suite d’infection dont ces organes sont le siege. Une autre
methode possible est la transplantation de Fovaire
dans la cavite uterine. On a etudie, chez la
lapine, la survie de l’ovaire gauche apres qu’il
eut ete transplants ( avec pedicule vasculaire)
dans la cavite de la corne uterine gauche. L ’ovaire
droit et la oorne uterine droite, intouches, servaient
de tenroins. A l’examen macroscopique, cette
methode echoua chez 6 des 24 animaux, par suite
de necrose ovarienne, de formation d’un abces
ou de la localisation extra-uterine de l’ovaire.
Chez 14 des 24 lapines (5 8 % ), cette methode a
ete couronnee de succes et, du point de vue histologique, l’ovaire intra-uterine a paru capable de
remplir les fonctions reproductive et endocrinienne. L’endometre n’a pas reagi, sauf dans deux
cas, _ou l’on a note une augmentation de l’activite
secretaire a proximite d’un corps jaune recent. On
n’a pas tente d’obliterer l’espace mort autour de
l’ovaire. Certains echecs sont attribuables a une
technique ehirurgicale impropre et a l’infection.
Ces complications deviennent plus rares a
rnesure qu’on connait mieux la methode.

P L A ST IC A R T E R IA L IM PLA N TS
Because of th e grave implications and the
frequency of m ortality associated with wound
infections in patients in whom prosthetic
arterial replacem ents have been used, the
problem has been examined and means of
management and prevention suggested.
The authors review ed 12 infections involv
ing the prosthesis in 890 aortic bypasses and
aneurysmectomies. Teflon prostheses were used
in all of the patients; none of the patients
received prophylactic antibiotics. T h e average
interval betw een operation and onset of in
fection was 1 1 .2 5 months. T h e predominant
organism was S ta p h y lo co ccu s au reu s, although
other organisms were found less frequently,
and in one instance the culture was negative.
In four patients the onset of infection was
marked by occlusion of one limb of the graft;
in three there was spontaneous drainage from
a fem oral abscess; in two, septic shock was
the first sign and in one each a false
aneurysm, bleeding from a femoral anasto
mosis, and a persistent pelvic abscess were the
first indications of an infected prosthesis.
There were 9 deaths among these 12 patients,
with graft infections representing a mortality
rate of 75%. In five, the cause of death was
hemorrhage, in two it was intra-abdominal

abscess and a fistula in the small intestine, and
in one each it was thrombosis of the aorta and
myocardial infarction.
The authors state that the first objective in
the management of an infected arterial pros
thesis is the com plete removal of the infected
prosthesis; the second is the restoration of
blood flow by an alternate bypass route. The
authors used high aortofemoral bypass b e
tween the descending thoracic aorta and the
femoral artery w ith a lateral retroperitoneal
placement of the bypass; high aortofemoral
bypass betw een the infradiaphragmatic aorta
and femoral arteries with anterior axtraperitoneal placem ent of the bypass graft; axillary
femoral bypass from the first portion of the
axillary artery to the common femoral artery
bilaterally; contralateral iliofemoral bypass and
contralateral
femorofemoral bypass made
superpubically and subcutaneously; lateral
iliofemoral bypass with an accommodating
notch made in the iliac crest with the graft
placed retroperitoneally and a transobturator
iliofemoral bypass is made through the ob
turator foramen with the distal anastomosis at
the mid-superficial femoral artery level.— Fry,
W . J. and Lindenauer, S. M .: Infection com
plicating the use of plastic arterial implants,
A rch. Surg. (C h ica g o ), 9 4 : 600, 1967.

Second World Congress on Fertility and
Sterility, Naples, 1956, p. 185.
R esu m e
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M ETABOLIC ALTERATIONS IN PULMONARY TISSUE
PRESERVED FOR TRANSPLANTATION*
R. T. BROW NLEE,
C. M. COUVES, M.D., F.R.C.S.[Edin. & C ], F.A.C.S.,*
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A lthough whole organ transplantation is a
reality, effective long-term preservation of
any organ is not possible. When longer
periods of preservation are attempted, the
viability of the organ should, if possible,
be assessed before transplantation. Fre
quently, in the case of cadaver organs, the
potential donor has undergone prolonged
periods of poor perfusion and added to this
is the time required to remove and implant
the organ. Therefore, it is reasonable to
assume that many organs used in trans
plantation procedures are not functionally
or structurally intact at the time of opera
tion.
Our interest in metabolic tissue changes
in organ transplants during preservation
procedures was aroused by a previous
study1 in which left dog lungs were autotransplanted following preservation under
hypothermia, and combined hypothermia
and hyperbaric oxygenation. The time limits
for the maintenance of lung viability under
the imposed experimental conditions were
established, but little information was
gained concerning events occurring at a
cellular level during whole organ preserva
tion procedures. The present investigation
was designed to evaluate physiologic and
biochemical alterations in the perfused,
ventilated and hypothermic isolated dog
lung. This study was done with a view to
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cal Research Institute, University of Alberta,
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low in Experimental Surgery.
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berta, Edmonton.
§Fellow in Experimental Surgery. Present address:
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UProfessor o f Experimental Surgery; Chief, Division
of Surgical Research, Surgical-Medical Research
Institute, University of Alberta, Edmonton.
Reprint address: Dr. C. M. Couves, Suite 2309,
University o f Alberta Hospital, Edmonton, Alta.
This study was supported in part by Medical
Research Council Grant No. 2108.

subsequent transplantation, although no
autotransplantation o f preserved organs
was carried out.
M ethods and A p p a r a t u s

The study was d o n e in two parts. In
Group A, the left lungs of 14 dogs were
studied using homologous plasma per
fusate, positive-pressure ventilation and
hypothermia to 15° C . In Group B, 12
left lungs were studied using autologous
blood perfusate, negative-pressure ventila
tion and hypothermia to 15* C.
The apparatus used in Group A (Fig. 1)
consisted of a special organ chamber, a
Med-science roller-type coronary perfusion
pump, a Pemco blood filter, a special glass
cooling coil connected to a Swenko gastric
hypothermia machine and a Bird Mark VII
respirator. Perfusion pressures were re
corded with a Statham strain gauge and
Sanborn recorder. Perfusate and organ
temperatures were m onitored with a Yellow
Sands Instrument C o . thermistor. All tub
ing was 14-inch outside diameter Tygon
and all connectors w e r e of stainless steel.
The organ chamber (Fig. 2) was con
structed completely o f plexiglass. The lid
was removable to a llo w easy placement of
the lung, yet tight fitting to prevent dry
ing of the lung or th e perfusate. It con
tained openings for th e bronchial and pul
monary-artery cannulae. Venous drainage
was isogravimetric through the perforated
floor of the chamber and into a reservoir.
The perfusate then passed directly to the
pump.
The apparatus used in Group B (Fig. 3)
was identical to that in Group A except
that the organ cham ber (Fig. 4) was de
signed to allow simultaneous perfusion
and negative-pressure ventilation. The
organ chamber was con n ected both directly
and via a standard laboratory respirator to
a wall vacuum. Intermittent occlusion o f
the respirator opening by a rotating disc
produced a deflation pressure of -1 cm.
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Fig. 1.—Group A apparatus (isolated pulmonary perfusion with homologous plasma and positivepressure ventilation at 15° C.). A—ventilating gas mixture 3% COa and 97% CL, B—Bird Mark VII
respirator, C—nebulizer, D—isolated lung, E —perfusion pump, F —filter, G—perfusate cooling coil, H—
gastric hypothermia machine, I—thermistor, J —pressure transducer and recorder, K—perfusate sampling
site, L —venous reservoir.

Fig. 2.—Group A organ perfusion chamber.

of water and an inflation pressure of -7 to
-10 cm. of water.
Plasma for perfusion was obtained by
centrifuging heparinized blood from a
donor dog and was used fresh or was
frozen and thawed the day before the
experiment.
Mongrel dogs weighing 10 to 20 kg. were
anesthetized with pentothal sodium, 15
mg./kg. The left lungs were excised, care
being taken to leave generous cuffs of
pulmonary artery and bronchus attached
to the lung. The lung was weighed, the
bronchus cannulated, and ventilation was
begun with a humidified 3% carbon di
oxide and oxygen mixture at 15 cm. of
water inflation pressure and a rate of 20
cycles per minute. The left main pulmonary
artery was cannulated and perfusion insti
tuted, flow being adjusted to approxi
mately normal pulmonary-artery pressure.
The perfusion time was three hours.
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Fig. 3.—Group B apparatus (isolated pulmonary perfusion with autologous blood and negativepressure ventilation at 15° C.). A—Douglas balloon containing 3% COL
>and 97% O., B —organ chamber,
C-perfusion pump, D-standard laboratory respirator in reverse, E - t o wall vacuum, F -filte r, G -p erfusate cooling coil, H—gastric hypothermia machine, I —thermistor, J —pressure transducer and recorder,
K—perfusate sampling site.

In both groups, perfusate samples were
withdrawn after 0, 15, 30, 60, 120 and 180
minutes of perfusion and analyzed for pH,
Peo2, Po2, sodium, potassium, chloride and
glucose. After three hours, perfusion was
discontinued and tissue samples of the per
fused lung were obtained for histamine,
sodium, potassium, hexosamine and hydroxyproline determinations. In addition,
samples of the perfused lungs were sub
mitted for microscopic study.
The Shore fluorometric method was used
for histamine determination. Tissue and
perfusate electrolytes were measured using
flame photometry, and the Folin-Wu me
thod was used to determine perfusate glu
cose. Tissue hexosamine was measured
Fig. 4.—Group B organ perfusion chamber.
Venous drainage is isogravimetric via the sloping
chamber floor. Note outlets for arterial and bron
chial cannulae, water manometer for monitoring
inflation pressure, and outlets allowing production
of negative inflation and deflation pressures.
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Fig. 5.—Mean perfusion pressures Groups A and
B. Note the marked fall in mean perfusion pres
sure with time in Group B. A lesser fall in mean
perfusion pressure was also observed in Group A.

using the method of Elson and Morgan,2
and tissue hydroxyproline with the method
of Neuman and Logan.3 Results were sub
jected to statistical analysis using the
pooled “t” test and only those changes
significant at the 95% level of confidence
are discussed.
R esu lts

In Group B under conditions of constant
flow (Fig. 5 ), mean pulmonary-artery pres
sure fell over the first two hours of per
fusion time from a mean of 17.52 to a mean
of 12.37 mm. Hg. In Group A, marked
increases in perfusion pressure were noted
coincident with inflation. Negative pulmonary-artery-pressure deflections corres
ponded to the negative-pressure inflation
phase in Group B (Fig. 6).
TA BLE I. — M ean P r e -

and

tion.

Perfused lungs invariably gained weight.
Post-perfusion weights were approximately
double pre-perfusion weights (Table I).
Pulmonary edema was gross. Following
initiation of perfusion, perfusate pH fell
P o s t - P e r f u s io n L ung W e ig h t s

Pre-perfusion
lung weight
(9•)

Post-perfusion
lung weight
(g-)

Weight
gain
(?•)

Increase
(%)

A— (Positive-pressure ventilation, plasma perfusate, 15° C .). . .

54.60

118.50

64.20

110.86

B — (Negative-pressure ventilation, tlood perfusate, 15° C .). . . .

47.64

102.30

65.64

110.84

Group

<.

TA BLE II.— P e r f u s a t e G as S t u d ie s
(Mean Values of Pco2 and P o2 in mm. Hg)
Perfusion time (minutes)

0

15

30

60

120

180

7 38

7 31

Group A p H .............................................
P co2..........................................
p 02............................................

7.76
17.1
110

7.44
2 1 .9
448

7.42
22.95
401

7.40
24.1
524

414

470

Group B p H .............................................
P co2..........................................

7.45
2 8 .9
104

7.54
33.1
757

7.48
37.8
783

7.47
39.0
790

7 56
39.1
783

7 47
38.0
797

1
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GROUP B

152-1
151 ISO149
«•„ , 4 .
Z 1471
146
145

Fig. 7.—Mean perfusate constituent alterations during hypothermic perfusion and
ventilation—12 experiments in each group, A and B.

slightly in Group A, then remained rela
tively constant and within the physiological
range as did perfusate pH in Group B
(Table II). After an initial adjustment
period, perfusate Po2 in both groups ranged
from 401 to 797 mm. Hg. For the duration
of the perfusion, perfusate Pco2 varied only
a few millimetres.
Mean perfusate histamine, glucose, po
tassium and sodium values are summarized

in Fig. 7. Tissue histamine, sodium, po
tassium, hydroxyproline and hexosamine
values are shown in Table III. In Group
A, mean perfusate histamine rose in the
first 15 minutes of perfusion from 12.05 to
14.33 pg. % and from 11.56 to 13.33 pg. %
in Group B. Tissue histamine fell markedly
from mean control levels of 44.94 to post
perfusion levels of 24.60 in Group A, and
20.33 pg./g. of acetone-dried tissue (ADT)
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T A B L E I I I .— M ean T is s u e B io c h e m ica l A l t e r a t io n s

Histamine (ng./g. A D T ) ... .

Control

Group A

44.94

24.60

Group B
20.33

Sodium (m E q ./g. A D T ) .. . .

0.310

0.492

0.419

Potassium (m E q ./g. A D T ) .

0.259

0.229

0.165

H y droxy proli ne
(mg./lOO g. dry-lung
w eigh t)................................. 1284
Hexosamine (mg./lOO g.
dry-lung w eight)................

674

1380

1770

478

619

in Group B; that is perfusate histamine rose
and tissue histamine fell.
No statistically significant changes could
be detected in perfusate sodium. However,
post-perfusion tissue sodium was markedly
elevated from a mean of 0.310 to a mean
of 0.492 m Eq./g. ADT in Group A, and
0.419 m Eq./g. in Group B.

In both groups, perfusate glucose showed
a marked increase in the first hour of per
fusion.
In contradistinction to changes in per
fusate and tissue sodium, perfusate potas
sium in Group A rose from 4.48 to 6.10
mEq./l. after three hours of perfusion, and
in Group B from 4.91 to 5.73 mEq./l. after
30 minutes of perfusion. Although tissue
sodium was elevated, tissue potassium fell
after perfusion— from 0.259 to 0.229 in
Group A, and to 0.165 m Eq./g. ADT in
Group B.
No statistically significant changes were
detected in either perfusate or tissue chlo
ride with perfusion.
Connective-tissue results are expressed
as mg./lOO g. dry-lung weight (Table III).
Tissue hydroxyproline rose from 1284 to
1380 in Group A, and 1770 in Group B.
At the same time, tissue hexosamine fell
from 674 to 478 in Group A, and to 619
mg. in Group B; that is tissue hydroxy
proline rose and tissue hexosamine fell.
On microscopic examination, the per
fused lungs were indistinguishable from
the control lungs (Fig. 8).
D iscussion

Fig. 8.—Group A. Lung parenchyma following
three hours o f ventilation and hypothermic per
fusion. Despite gross post-perfusion edema and
marked metabolic alterations, no histologic abnor
mality is present (x 150).

Vol. 11

and

C onclusions

In designing these experiments, except
for the hypothermia which was thought
to protect the organ from anoxia, every
effort was made to simulate physiologic
conditions. Despite these efforts, virtually
every biochemical parameter changed.
The observed fall in perfusion pressure
with time may, in part, be explained by
the action of histamine which, under lowflow conditions, may act as a pulmonary
vasodilator.4 Acid-base balance was well
maintained and perfusate oxygenation was
more than adequate for tissue nutrition.
Since the system contained no external
source of the substances studied, the ob
served changes must have been governed
by events occurring at the cellular level
in the isolated perfused organ. Under the
imposed experimental conditions, pulmo
nary edema was marked after three hours’
perfusion. This finding can be correlated
with the biochemical alterations observed
in the perfusate and tissue.

Unconjugated histamine is released from
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the lung into the perfusate. Connectivetissue components of the “ground sub
stance”, long known to be important factors
governing tissue permeability, are altered.
The cellular “sodium-potassium pump” is
apparently interfered with allowing sodium
into and potassium out of the cell. Glucose,
probably in the form of glucose-6-phosphate to which the cell membrane is
normally impermeable, also passes out of
the tissues.
The marked influence of inflation pres
sure and method on perfusion pressure can
be explained by the “sluice hypothesis”.5
When high positive pressures are used,
venous pulmonary outflow can be tempor
arily occluded, explaining the marked rise
in pulmonary-artery pressure during infla
tion in Group A experiments. Conversely,
negative pressure, if it is not great, lowers
pulmonary vascular resistance,6 which ex
plains the fall in perfusion pressure with
ventilation seen in Group B experiments.
This abnormal hemodynamic effect of
isolated-lung ventilation might stimulate
histamine release, and contribute to edema
of the isolated lung.
The observed changes in connectivetissue components also suggest that changes
in tissue permeability play a major role in
perfused organ edema. Hydroxyproline is
generally regarded as an index of collagen
content. Similarly, hexosamine is regarded
as a good indicator of mucopolysaccharide
content, i.e. ground substance.7 There is
considerable evidence that the physico
chemical state of the non-cellular ground
substance determines, to a great extent,
tissue permeability. Chiricuta et al.8 were
able to correlate observed changes in the
mucopolysaccharides of capillary walls of
various organs with the onset of edema
following experimental burns.4 Douglas et
al.° observed similar changes in hydroxy
proline and hexosamine ( i.e. an increase in
hydroxyproline and a fall in hexosamine)
in the walls of arteries following depletion
of mast cells (and hence histamine) from
animals with 48/80 ( a compound inducing
the depletion of mast cells and the release
of histamine).
Normally, the cell membrane does not al
low easy passage of sodium, potassium,
chloride or glucose in or out of the cell.
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Therefore, one must postulate some me
chanism to account for the rapid shift in
perfusate-tissue electrolytes and glucose
and/or reducing substances. The cell mem
brane sodium-potassium pump normally
keeps intracellular potassium high, and
sodium low through an expenditure of
metabolic energy obtained from oxidationreduction reactions.10 Within the cell, glu
cose undergoes an obligatory irreversible
conversion to glucose-6-phosphate11 which,
under normal circumstances, cannot be re
leased from lung tissue.12 Hypothermia af
fects intracellular electrolyte balance be
cause cellular respiration is inhibited fol
lowing temperature reduction and it is
respiration that furnishes the energy neces
sary for the exclusion of certain ions and
uptake of others by the cell membrane.
Anesthetics may produce the same res
piratory alteration.13
Like hydroxytryptamine, proteases and
certain products of proteolysis, histamine
is a “permeability factor”. The increased
capillary permeability produced by hista
mine has been attributed to capillary dila
tation, although this explanation is not
accepted by all investigators.14 The injury
produced by this dilatation leads to in
creased capillary permeability, pressure
and flow, with eventual stasis, capillary
blockage and passive congestion. Recovery
from stasis cannot occur until permeability
of the capillary wall to protein is lowered
towards normal.15 During isolated-lung per
fusion, sufficient histamine was released to
produce the above-noted hemodynamic
changes. In addition, since histamine can
not be inactivated by pulmonary tissue,16
it continues to circulate and exert its action
with each passage through the lung.
The diagnosis of “somatic” death is
notoriously difficult and the diagnosis of
“tissue” death is even more difficult. Not
all tissues die at the same rate; some are
irreversibly damaged before somatic death,
while others survive for long periods after
the somatic death of a potential organ
donor. The nuclear changes of karyorrhexis,
karyolysis and pyknosis, which indicate cell
and tissue necrosis, are produced by intraor extracellular enzymes long after func
tional cell death has occurred. These
alterations represent dynamic changes that
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Fig. 9.—Theoretical sequence of functional alterations leading to graft non-viability.

occur over a period of time and do not
take place (as in the present study) if the
tissue is fixed soon after cell death.17 For
these reasons it is necessary to study func
tional changes in the potential transplant
to assess its viability.
From the experimental data outlined
above, we believe that the sequence of
events leading to non-viability in at least
some organ transplants can be outlined
(Fig. 9). Anoxia, alterations in perfusate
acid-base balance and temperature lead to
intracellular enzymatic “slow-down”. Be
cause of these changes the energy avail
able for maintenance of the integrity of
the cell-membrane active-transport system
and tissue ground substance becomes in
adequate. Permeability factors are released
and intracellular electrolyte homeostasis
fails. At some point in this process, intra
cellular and extracellular enzymatic “self
digestion” may occur leading to irreversible
functional alteration and death of the
tissues. Although the tissue ceases to func

tion at or before this point, pathologic
changes do not appear for several days.
Summary

Under the imposed experimental condiditions of isolated perfusion of a ventilated
and hypothermic lung, some of the meta
bolic alterations that occur in the preserved
lung and perhaps other organs have been
elucidated, although preservation for ex
tended periods could not be achieved
because of lung weight gain and edema.
Using a technique described, organ temper
ature can be accurately controlled and
acid-base balance in the system can be
regulated by the addition of carbon dioxide
to the isolated-lung inspired air, when
either blood or plasma are used as per
fusates. When autologous blood is used as
perfusate, perfusion pressure is initially
high, but declines under constant flow con
ditions as perfusion time progresses. Both
negative and positive-pressure inflation
produce marked hemodynamic abnormali-
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ties in the isolated lung. Unconjugated
histamine is released by the lung into the
perfusate and connective-tissue components
are altered. Perhaps as a consequence of
these changes, cellular permeability is
altered with apparent interference with
the cell sodium-potassium pump. Sodium
is allowed to pass into and potassium out
of the tissues. These changes occur regard
less of the method of ventilation or the
perfusate used. At the same time, glucose,
to which the cell membrane is normally
impermeable, is released into the perfusate.
Based upon these alterations, a sequence
of events at a cellular level is described
that may lead to non-viability in trans
plants.
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R esume
Dans les conditions experimentales imposees a
la perfusion isolee du poumon ventile et hypothermique, on est parvenu a elucider certaines des
alterations metaboliques qui surviennent durant
la preservation du poumon et peut-etre d’autres
organes. On sait du reste que la conservation
pendant de longues periodes est encore impraticable, en raison de l’augmentation du poids et
de l’edeme dont l’organe est le siege. Grace a
une technique que les auteurs expliquent, il est
possible de controler avec precision la temperature
de l’organe et de regler 1’equilibre acide-base de
la preparation en ajoutant du gaz carbonique a
Pair inspire par le poumon isole, quand on utilise
comme perfusats du sang ou du plasma. Quand
on emploie du sang autologue comme perfusat,
la pression de perfusion est d’abord elevee, mais
decline a mesure que le temps passe, sous des
conditions de circulation constantes. La pression
negative et la pression positive altemees employees
produisent des anomalies de l’hemodynamique
dans le poumon isole. L ’histamine non coniuguee
est liberee par le poumon dans le liquide de per
fusion et les composants du tissu conjonctif sont
alteres. Peut-etre sous l’influence de ces modi
fications, la permeabilite cellulaire se trouve a son
tour alteree ce qui semble entraver le mecanisme
cellulaire de “pompe a sodium-potassium”. Le
sodium passe dans la cellule et le potassium en
sort. Ces modifications surviennent quelle que
soit la methode de gonflement employee ou quel
que soit le perfusat utilise. En nreme temps, le
glucose, auquel la membrane cellulaire est normalement impermeable, passe dans le liquide de
perfusion.
Les auteurs, se basant sur ces alterations,
decrivent une serie d’evenements qui se produi
sent au niveau cellulaire et qui aboutissent a la
non-viabilite des transplants.
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E F F E T SUR LA FONCTION VEN TRICULAIRE DU N E B IL L E DANS
L E VENTRICULE D ROIT CHEZ L E CHIEN
CONRAD P ELLETIER , M.D. et PALfL STANLEY, M.D.,“ Montreal, Que.

D epuis les travaux de Starr et Edwards en

I960,1 le remplacement valvulaire par des
protheses a bille est devenu chose courante
en chirurgie cardiaque. Avec le recul de
quelques annees, Finteret porte maintenant
sur le rendement hemodynamique de ces
appareils. Les malades ayant subi un tel
remplacement de la valve mitrale, quoique
franchement ameliores, conservent souvent
un etat hemodynamique anormal. Cet etat
se caracterise par un certain degre d’insuffisance ventriculaire gauche se manifestant
par une elevation des pressions auriculaire
ou tele-diastolique ventriculaire gauches et
une diminution du debit cardiaque, surtout
a l’effort.2-5
Nous avons voulu evaluer chez le chien
l’effet sur la fonction cardiaque de la seule
presence d un corps etranger rigide dans
un ventricule. A cette fin, nous avons etudie
dans ce travail la fonction ventriculaire en
presence d’une bille de nylon fixee dans
le ventricule droit. Nous avons applique la
technique decrite par Sarnoff et Berglund8
pour l’etude de la fonction ventriculaire.
Cette technique vise a etablir des courbes
de fonction pouvant etre comparees les
unes aux autres chez le meme animal. Elle
fut utilisee par plusieurs auteurs pour
revaluation du rendement cardiaque sous
diverses conditions et s’est averee etre une
methode efficace.712
T echnique

Vingt-huit chiens, pesant de 11 a 28 kg
(poids moyen de 16.4 kg), subirent une
thoracotomie
droite
sous
anesthesie
generale au pentobarbital a la dose de 25
mg/kg. La respiration etait assistee a
l’aide d’un respirateur mecanique Bird. Le
pericarde etait ouvert genereusement.
Apres anticoagulation a l’heparine, 2 mg/
kg, nous placions des canules dans la
“Section de chirurgie cardio-vasculaire, Hopital
Sainte-Justine, Universite de Montreal, Montreal,
Que.
Travail presente au congres du Club de Recherches Cliniques du Quebec, Montreal, Que.,
octobre 1967.

veine azygos, les veines caves et une artere
femorale. La pression dans l’artere pulmonaire etait mesuree a l’aide d’un tube de
polythene introduit par une artere lobaire
et la pression auriculaire droite obtenue par
ponction a Faiguille. La temperature de
Fanimal et du sang de perfusion etait
maintenue normale. Le sang etait dilue au
tiers par l’addition de solute glucose physiologique et de dextran a faible poids
moleculaire et lequilibre acido-basique as
sure par l’addition de THAM.
Le montage utilise dans nos experiences
est illustre a la fig. 1. Le sang des veines

Fig. 1.—Montage utilise pour l’etude de la
fonction ventriculaire. Circuit de perfusion modifie permettant de diriger le sang vers l’oxygenateur ou directement a la pompe arterielle (Pa)
puis a l’oreillette droite (OD) simplement en
changeant la position des pinces sur les tubes
(Ra—reservoir arteriel, Pv—pompe veineuse, Rv—
reservoir veineux, VCI—veine cave inferieure,
VCS—veine cave superieure, VD—ventricule droit).

caves est draine dans un reservoir. 11 est
alors possible de diriger le sang vers un
oxygenateur a bulles® et de la a Fanimal
par Fartere femorale pour etablir la circu
lation extra-corporelle totale. En deplagant
les pinces de la position “b” a la position
“a”, le sang va directement vers la pompe
“Oxygenateur Lillehei-De
rotatoires De Bakey.

Wall

avec

pompes
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arterielle et, par la veine azygos, a l’oreillette droite, pour l’etude du travail ventriculaire. La pompe arterielle fut calibree de
fa£on a connaitre precisement son debit
que nous pouvions varier a volonte. Ces
debits etaient reproductibles avec une erreur de moins de 5 % . Seul le sang du sinus
coronaire est ainsi exclu des calculs du
debit cardiaque.
Les debits utilises pour etablir le travail
ventriculaire partaient de 520 ml/min. et,
par des augmentations successives d’environ
250 ml, allaient jusqu’au debit maximum
tolere par 1’animal. Apres chaque changement de debit, une periode de stabilisation
de 30 secondes etait allouee avant d’enregistrer les pressions pulmonaire et auriculaire droite moyennes a l’aide d’une electromanometre.* Cette periode d’attente fut
controlee par des enregistrements apres une
et deux minutes, avec des resultats identiques.
Une premiere serie de pressions etait
enregistree pour etablir une courbe controle de la fonction ventriculaire. Sous cir
culation extra-corporelle totale, au debit
1.5 litres/metre carre/minute, nous procedions ensuite par auriculotomie droite a
l’introduction dans le ventricule droit dune
bille de nylon d un diametre variant de 10 a
22 mm. Pour ne pas nuire a la fonction de
la valve tricuspide et ne pas obstruer la
chambre de chasse, la bille etait fixee a la
pointe en avant du pilier anterieur par un
point a travel's la paroi ventriculaire. La
bonne position de la bille fut verifiee a la
fin de chaque experience.
Apres la fermeture de l’oreillette, une
deuxieme courbe de fonction ventriculaire
etait etablie avec les memes debits.
Le travail ventriculaire fut calcule par la
formule suivante: Travail-minute VD
(gramme-metre) = Debit-minute (m l) x
|Pression moyenne AP ( cm H 20 ) — Pression moyenne OD (cm H 20 ) ] -f- 100.f
Les courbes de fonction ventriculaire
avant et apres insertion de la bille sont
construites en portant sur graphique le

"Traducteur de pressions Statham P 23 D e et
appareil enregistreur Sanborn-150 a canaux
multiples.
fVD =ventricule droit; AP =
OD = oreillette droite.

artere pulmonaire;

travail ventriculaire droit et la pression
moyenne de l’oreillette droite.
Vingt-deux chiens ont ete soumis a cette
experience. Chez six animaux temoins, la
meme procedure fut employee mais la
bille etait alors retiree du ventricule pour
proceder a la deuxieme courbe de fonction.
R esultats

La morphologie des courbes de fonction
ventriculaire droite correspond a la des
cription de Sarnoff et Berglund.6 La pente
d’ascension de ces courbes est normalement
presque verticale, traduisant le fait qu’une
faible augmentation de la pression auriculaire droite provoque une progression
rapide du travail du ventricule droit (fig.
2). Dans certains cas, a des debits eleves,
A

B

Pression moyenne

Pression moyenne

0 D (cm eou)

0 D (cm eou)

Fig. 2.—(A) Experience temoin. Courbes de fon c
tion ventriculaire droite avant et apres manipula
tions et circulations extra-corporelles, sans bille,
qui montrent que la fonction n’est pas diminuee
par ces facteurs. (B) Courbes de fonction ventricu
laire droite avant et apres introduction d’une bille
de 20 mm dans le ventricule droit. Aucune diminu
tion de la fonction ventriculaire.

on assiste a un applatissement plus ou
moins marque du sommet de la courbe.
Ceci resulte de la suppression des veines
caves, qui sont ici ligaturees, comme reser
voir additionnel a l’oreillette. L’apparition
d’un segment descendant sur la courbe de
fonction signifie l’apparition de defaillance
ventriculaire. Nous n’avons jamais retrouve
cette phase descendante sur nos courbes de
controle.
Les travaux de Braunwald et Frahm13 et
du groupe de Wallace14 sur la physiologie
de l’oreillette ont demontre que, pour le
coeur normal, la pression moyenne de
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Pression moyenne
0 D (cm ecu)
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B

Pression moyenne
0 D (cm eou)

Fig. 3.—(A) Courbes de fonction ventriculaire
droite avant et apres introduction dune bille de
12 mm dans le ventricule droit, montrant l’apparition d’une legere diminution de la fonction.
(B) Courbes de fonction ventriculaire droite avant
et apres introduction d’une bille de 20 mm dans
le ventricule droit. Diminution legere de la fonc
tion ventriculaire.

l’oreillette refiete fidelement la pression
tele-diastolique du ventricule correspondant et peut done etre consideree coirune
etant la pression dite de remplissage ven
triculaire. Cette relation est toutefois brisee
en presence d’atteinte myocardique, de
regurgitation tricuspidienne, de tachycardie
grave ou d’arythmie. L ’enregistrement de la
pression auriculaire est techniquement plus
facile que celui de la tele-diastolique ven
triculaire et comporte surtout l’avantage
de faciliter la detection de regurgitation
valvulaire. Pour cette raison, nous avons
utilise cette methode en surveillant attentivement les facteurs d’erreurs, a l’apparition desquels nous cessions l’enregistrement
des pressions.
Dans nos six experiences temoins, la
courbe enregistree apres les manipulations
se confond avec la courbe initiale de controle ou se trouve a la gauche de celle-ci,
indiquant que la fonction ventriculaire
nest en rien affectee par ces manipulations
ou la circulation extra-corporelle (fig. 2A).
Apres la mise en place d’une bille dans
le ventricule droit, 18 des 22 animaux ont
montre une diminution evidente de la
fonction ventriculaire droite.
Dans 10 cas, la courbe obtenue une fois
la bille en place epouse la meme morphologie que la courbe controle, presque parallele a celle-ci, mais nettement plus a droite.
L ’augmentation de la pression auriculaire
indique que le ventricule droit est incapable

Pression moyenne
0 D (cm eou)

Pression moyenne
0 D (cm eou)

Fig. 4.—(A) Courbes de fonction ventriculaire
droite avant et apres introduction d’une bille de
16 mm dans le ventricule droit. La presence de
la bille entraine une diminution moderee de la
fonction du ventricule droit. (B) Courbes de fonc
tion ventriculaire droite avant et apres introduc
tion d’une bille de 12 mm dans le ventricule
droit, montrant une diminution importante de la
fonction ventriculaire et l’apparition d’un segment
descendant sur la courbe temoigne la defaillance
ventriculaire.

de repondre suffisamment a la charge imposee, ce qui demontre une diminution
legere de la fonction ventriculaire (fig. 3).
Chez six animaux le decalage entre les
deux courbes est beaucoup plus marque
(fig. 4A). Apres insertion de la bille, la
courbe de fonction montre soit un applatissement precoce soit un abaissement marque
de la pente de toute la courbe. Ces modi
fications indiquent une diminution moderee
de la fonction ventriculaire.
Dans deux experiences settlement, nous
avons vu apparaitre un segment descendant
sur la courbe etablie avec la bille dans le
ventricule (fig. 4B). La courbe de fonction
ventriculaire est demeuree tres basse et,
malgre une augmentation importante de la
pression auriculaire, le travail fourni par
le ventricule est reste faible et a accuse une
chute a une pression auriculaire elevee.
Une telle courbe traduit une diminution
importante de la fonction ventriculaire et
l’apparition de defaillance cardiaque. Chez
l’un de ces animaux plutot petit (15 kg),
une grosse bille de 22 mm avait ete utilisee,
ce qui pourrait etre responsable de ce
resultat.
Enfin seulement 4 des 22 animaux n’ont
montre aucune modification de la fonction
ventriculaire une fois la bille inseree dans
le ventricule droit (fig. 2B). Les deux
courbes se superposent ici presque parfaitement.
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On a recemment souligne le fait que la
presence meme de la prothese dans le
ventricule, particulierement si la cavite est
petite, comme c’est le cas souvent dans les
lesions mitrales, pourrait nuire a la fonction
du ventricule et venir s’ajouter au facteur
myocardique pour expliquer l’origine de
D iscussion
etat hemodynamique post-operatoire
Les resultats de cette etude nous parais- cet
anormal.5
resultats de notre travail
sent significatifs et indiquent que la corroborentLes
cette
derniere hypothese.
presence d’un corps rigide et fixe dans un
ventricule est susceptible de porter at- R esume
teinte a sa fonction. En effet, 82% des
animaux ont accuse une diminution plus Nous avons etudie chez le chien 1’effet
ou moms marquee de la fonction ventri sur la fonction cardiaque de la presence
culaire droite apres insertion d’une bille, d’un corps etranger rigide fixe dans le
atteinte qui ne fut pas retrouvee dans les ventricule droit, en utilisant la technique
de Sarnoff. Chez 22 animaux nous avons
experiences temoins.
Deux mecanismes peuvent etre invoques introduit une bille dans le ventricule droit
pour expliquer cet effet. D’abord, la perte et six autres ont servi de temoins. Quatred’un volume ventriculaire utile due a la vingt-deux per cent des animaux ont
presence de la bille occasionne une diminu montre une diminution de la fonction ven
tion du volume d’ejection systolique de ce triculaire apres insertion de la bille
ventricule. Cette perte de volume peut etre alors que tous les temoins ont con
compensee par l’acceleration du rythme serve une fonction normale. Ces resultats
cardiaque. C’est pourquoi, nous n’avons nous portent a croire que la presence de
tenu compte que du travail-minute plutot la bille dans un ventricule est susceptible
que du travail systolique. De plus, la de nuire a sa fonction. L’insuffisance ven
presence de cette bille dans la cavite ven triculaire gauche souvent constatee chez
triculaire est susceptible de nuire a la con les malades operes pour un remplacement
traction du myocarde et d’en diminuer valvulaire mitral par une prothese a bille
l’efficacite d’auta’ ' . II en resulte encore une fut attribute principalement a un facteur
diminution du volume d’ejection systolique myocardique. Notre etude indique que la
et une elevation de la pression de remplis- presence de la prothese valvulaire meme
sage ventriculaire traduisant la diminution dans le ventricule peut aussi contribuer a
cet etat post-operatoire anormal.
de la fonction du ventricule.
Les etudes hemodynamiques apres un
B ib l io g ra ph ie
remplacement valvulaire mitral par une
rr , A. e t E dw ards , M. L.: Mitral replace
prothese a bille ont souvent revele chez 1. Stament:
clinical experience with a ball-valve
ces malades des signes d’insuffisance ven
prosthesis, Ann. Surg., 154: 726, 1961.
triculaire gauche. Ce probleme s’est par- 2. A u sten , W, G. et al.: Cardiac hemodynamics
immediately following mitral valve surgery,
ticulierement rencontre lorsque, deja avant
J. Thorac. Cardiov. Surg., 51 : 468, 1966.
l’intervention, le debit cardiaque etait 3. B jork
, V. O. et M alers , E.: Total mitral
valve replacement: late result, J. Thorac.
abaisse.25 Ces sequelles ont ete attributes
Cardiov. Surg., 48 : 625, 1964.
principalement a l’atteinte pathologique du 4. M orrow
, A. G. et al.: Prosthetic replacement
myocarde au cours de la maladie, entrainof the mitral valve: operative methods and
the results of preoperative and postopera
ant une mauvaise dynamique cardiaque.
tive hemodynamic assessments. Circulation,
D’autres causes possibles ont aussi ete mises
29: 2, April (Suppl.), 1964.
, G. C. e t K ir k l in , J. W.: Hemo
de l’avant, dont l’exerese des cordages 5. R a stelli
dynamic
state early after prosthetic re
tendineux de la valve15 et un effet obplacement of mitral valve, Circulation, 34 :
structif de la prothese meme a l’anneau 6. S a rn448,o ff1966.
, S. J. et B erg lu n d , E.: Ventricular
mitral,3, *’18,17 mais des etudes recentes
function: I. Starling’s law of the heart
studied by means of simultaneous right and
n’ont pu demontrer leur role dans ce ta
left ventricular function curves in the dog,
bleau clinique.5,18
Circulation, 9: 706, 1954.
A part le seul cas deja signale, nous
n’avons retrouve aucune relation signifi
cative entre la grosseur de la bille, le poids
de l’animal et le degre d’atteinte de la
fonction ventriculaire.
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Mitral-valve replacement has become an every
day procedure in cardiac surgery since the work
of Starr and Edwards in 1960. Follow-up of
patients with a mitral prosthesis has, however,
shown the persistence of an abnormal hemody
namic state in patients otherwise much improved.
This state is characterized by elevated left atrial
and end-diastolic left ventricular pressures and a
decreased cardiac output.
Our aim was to evaluate the effects on cardiac
function of a rigid prosthesis placed in the right
ventricle. After placing a rigid plastic ball in the
right ventricle, ventricular function curves were
determined using the technique described by Sarnoff and Berglund. It has been used by many
authors for evaluation of cardiac function under
different conditions and has proved satisfactory.
We have operated upon 28 dogs. After insertion of
a plastic ball in the apex of the right ventricle,
82% of our animals showed some degree of im
paired right ventricular function, whereas cardiac
function remained normal in six control animals.
These results lead us to believe that the
presence of the ball in the right ventricle impairs
its function. It is thus possible that the presence
of a ball-valve prosthesis in a ventricle is one of
the factors responsible for the low cardiac output
following such replacement in man.

LARGE PULMONARY EM BO LI
During a period of two years from 1964 to
1966, 244 patients with clinically suspected
pulmonary embolization underwent pulmonary
angiography. A positive angiographic diagnosis
of pulmonary embolism was made in 42 pa
tients. Twenty-one patients with angiographic
evidence of pulmonary embolism were
grouped on the basis of clinical, necropsy,
and cardiac catheterization findings into those
with and those without co-existing cardio
pulmonary disease. The emboli in seven of the
patients without cardiac or lung disease were
demonstrated on angiography or necropsy to
have undergone complete, or almost complete,
resolution in periods ranging from 10 to 184
days. In only one patient in the group of 13

with cardiopulmonary disease did resolution
of the pulmonary embolus occur.
These findings support the thesis that the
resolution of pulmonary emboli is adversely
affected by the presence of cardiopulmonary
disease. In most instances it was not possible
to say whether the resolution was in fact lysis,
recannulization, or fragmentation of embolic
clot with dispersal of fragments into the small
peripheral vessels. Since resolution of pul
monary emboli in the patients here reported
occurred as early as 10 days, and in another
series as early as nine days after embolization,
it is clear that normal findings on delayed
pulmonary angiograms need not rule out pre
vious embolic occlusion.—Chait, A. et at.:
Observations on the fate of large pulmonary
emboli, Amer. J. Roentgen., 100: 364, 967.
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All communications concerning this Journal
should be marked “The Canadian Journal of
Surgery” and addressed to the Editor, C.M.A.
Publications, at C.M.A. House, 150 St. George
St., Toronto 5.
The Journal is published quarterly. Subscrip
tion is $10 per year ( So per year for trainees
in surgery), and starts with the January issue
of each year. Single copies are $2.50 each, pay
able in advance. (It would be greatly appre
ciated if subscribers would please add bank
exchange to their cheques.)

INSTRUCTIONS TO CONTRIBUTORS
Manuscripts
Manuscripts in duplicate of original articles,
case reports, and other contributions should
be forwarded with a covering letter re
questing consideration for publication in The
Canadian Journal of Surgery. Acceptance
is subject to the understanding that they
are submitted solely to this Journal, and
will not be reprinted without the consent
of the author and the publishers. Accept
ance or rejection of contributions will be
determined by the Editorial Board. As
space is available, a limited number of
case reports will be published. Articles
should be typed on one side only of un
ruled paper, double-spaced, and with wide
margins. The author should always retain a
carbon copy of material submitted. Every
article should contain a summary of the
contents. The Concise Oxford Dictionary
will be followed for spelling. Dorland’s Am
erican Medical Dictionary will be followed
for scientific terminology. The Editorial
Board reserves the right to make the usual
editorial changes in manuscripts, includ
ing such changes as are necessary to en
sure correctness of grammar and spelling,
clarification of obscurities or conformity
with the style of The Canadian Journal of
Surgery. In no case will major changes be
made without prior consultation with the
author. Authors will receive galley proofs
of articles before publication, and are asked
to confine alterations of such proofs to a
minimum.
Reprints
Reprints may be ordered on a form which
will be supplied with galley proofs. It is
important to order these before publication
of the article, otherwise an extra charge
for additional type-setting will be made.

References
References should be referred to by numer
als in the text. They should include in
order: the author's name and initials in capi
tals; title of the article; abbreviated journal
name; volume number, page number and
year. The abbreviations of journal names
should be those used by the National
Library of Medicine, Washington, D .C ., as
published in Index Medicus. References to
books should include in order: author’s
name and initials; title of book; number of
edition (e.g. 2nd e d .), title of publishing
house; city of publication; year of publica
tion; page number if a specific reference.

Illustrations
A reasonable number of black-and-white
illustrations will be reproduced free with
the articles. Colour work can be published
only at the author’s expense. Photographs
should be glossy prints, unmounted and
untrimmed, preferably not larger than 10"
x 8". Prints of radiographs are required
and not the originals. The magnification of
photomicrographs must always be given.
Photographs must not be written on or
typed on. An identifying legend may be
attached to the back. Patients must not be
recognizable in illustrations, unless the
written consent of the subject for publica
tion has been obtained. Graphs and dia
grams should be drawn in India ink on
suitable white paper. Lettering should be
sufficiently large that after reduction to
fit the size of the Journal page it can still
be read. Legends to all illustrations should
be typed separately from the text and sub
mitted on a separate sheet of paper. Illustra
tions should not be rolled or folded.

Language
It should be clearly understood that con
tributors are at full liberty to submit
articles in either English or French, as they
please. Acceptance will be quite independ
ent of tile language of submission. If the
contributor wishes, he m ay submit an in
formative summary of not more than 300
words in the language other than that in
which he has submitted the article. For
example, an article in English must carry
an English summary and may, if the author
wishes, carry a more detailed summary in
French.
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LE JOURNAL CANADIEN DE CHIRURGIE
Toute communication concernant le Journal
devra porter la mention “Le journal canadien de
chirurgie” et etre adressee a 1’Editeur, Publica
tions de l’A.M.C., 150 St. George Street,
Toronto 5.
Le journal est publie trimestriellement. Le
prix de l’abonnement est de $10. par an ($5.
par an pour les medecins qui sont residents en
chirurgie) et commence avec le numero de
janvier de chaque annee. Un exemplaire isole
coute $2.50 et est payable d’avance. (Nous
serions reconnaissants aux souscripteurs de vouloir bien ajouter a leur cheque le montant des
frais bancaires eventuels).
INSTRUCTIONS A NOS
COLLABORATEURS
Manuscrits
Les manuscrits d’articles originaux, de rap
ports cliniques etc. seront envoyes en deux
exemplaires, accompagnes d’une lettre deman
dant qu’on veuille bien considerer leur publica
tion dans L e journal canadien d e chirurgie. Ils
ne seront acceptes qu’a la condition qu’ils
n’aient ete soumis qu’a notre Journal et qu’ils
ne soient pas reimprimes sans le consentement
expres de l’editeur et l’auteur. L ’acceptation
ou le refus des articles soumis releve du Conseil de la publication. Si la place est disponible,
un nombre limite d’histoires cliniques pourront
etre publies. Les articles seront dactylographies
sur un seul cote d’un papier non ligne, a double
espace et avec une large marge. L ’auteur devra
toujours conserver une copie au papier carbone
du texte soumis. Tout article devra etre accompagne d’un resume. L ’orthographe sera
celle adoptee par le dictionnaire Larousse.
Quant a la terminologie scientifique, elle sera
basee sur le Dictionnaire des termes techniques
de medecine ou tout autre ouvrage de refe
rence serieux. Le Conseil de la publication se
reserve le droit d’apporter au texte les changements qu’il jugerait a propos pour assurer la
correction grammaticale et l’orthographe, pour
eliminer d’eventuelles obscurites ou pour rendre la presentation conforme au style du Jour
nal canadien d e chirurgie. Aucun changement
important ne sera apporte au texte sans que
l’auteur ait ete prealablement consulte. Les
auteurs recevront avant la publication des
epreuves d’imprimerie de leur texte, auxquelles
ils sont pries d’apporter le minimum de correc
tions.
T ires-d-part
On pourra commander des tires-a-part sur
une formule qui est envoyee avec les epreuves.
II est important de les commander avant la
publication de l’article, sous peine de devoir
payer un supplement pour une nouvelle com
position.

Bihliographie
Les references bibliographiques seront indiquees par des numeros dans le corps du texte.
Elies comprendront dans l’ordre: le nom de
l’auteur et ses initiates, en majuscules, le titre
abrege du Journal, le numero du volume, le
numero de la page et l’annee. Les abreviations
admises pour les noms de revues sont celles qui
figurent dans Vlndex M edicus de la Bibliotheque Nationale de Medecine, Washington,
D.C. Les renvois aux livres comprendront
dans l’ordre: le nom de l’auteur, ses initiates,
le titre de l’ouvrage, le numero de l’edition (p. ex. 2eme ed.). le nom de la
maison d’edition, la ville ou elle est situee et
l’annee de la publication; enfin, le numero de
la page s’il s’agit d’un renvoi precis.
Illustrations
Le journal accepte de publier gratuitement
un nombre raisonnable d’illustrations en noir
et blanc. Les reproductions de cliches en couleurs seront publiees aux frais de l’auteur. Les
photographies seront imprimees sur papier brillant, ne seront ni montees ni calibrees et d’un
format maximum de 8 " x 10". En ce qui conceme les radiographies, nous demandons des
copies et non pas Voriginal. On devra toujours
fournir un agrandissement de microphoto
graphies. II ne faut jamais ecrire ou dactylographier un texte quelconque sur les photo
graphies. Une legende les identifiant pourra
etre jointe au dos. Dans les illustrations montrant des malades, ceux-ci ne pourront etre
reconnus, a moins qu’ils n’en aient donne le
consentement ecrit prealablement a la publica
tion. Les graphiques et diagrammes seront dessines a 1’encre de Chine sur un bon papier a
dessin blanc. Le lettrage devra etre ecrit en
caracteres assez grands pour que, apres reduc
tion proportionnelle au format du Journal, ils
soient encore lisibles. Les legendes devant
accompagner les illustrations seront dactylographiees sur une feuille independante du
texte. Les illustrations ne seront ni roulees ni
pliees.
Langue vehiculaire
II doit etre clairement etabli que les collaborateurs ont pleine liberte de soumettre leurs
articles en frangais ou en anglais, a leur choix.
L’acceptation de l’article sera entierement inde
pendante de la langue choisie par l’auteur. Si
le collaborates le desire, il peut decrire le
contenu de l’article en un sommaire ne depassant pas 300 mots et dans une langue differente
de la langue choisie pour l’article lui-meme.
Par exemple, un article ecrit en frangais doit
comporter un resume en frangais et peut, si
l’auteur le desire, etre accompagne d’un som
maire plus detaille en anglais.
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(See also page 260)
CANCER OF THE STOMACH. A Clinical Guide
for Diagnosis and Treatment. John R. Kelsey,
Jr. 72 pp. Illust. Charles C Thomas, Springfield,
111.; The Ryerson Press, Toronto, 1967. $5.75.

This excellent monograph is based on clinical
experiences in 341 patients with gastric cancer.
Several authors contributed to this small
volume and the value of a broad approach to
gastric cancer is apparent in this highly read
able and informative text.
In four chapters the book covers the diag
nosis of gastric malignancy, the treatment
advocated for this disease, methods of pal
liation, and a summary and conclusions. Each
chapter is done in an informal fashion and a
surprising amount of highly detailed and use
ful information is conveyed to the reader. A
lew tables of statistics are given where they
are pertinent and a few radiographs are re
produced. However, the text is not over
burdened by statistical data which could ob
scure the message.
In summary, this is a readable and in
formative text and can be recommended to
surgeons, gastroenterologists and others in
volved in the care of these patients. The in
formation given is not detailed or all-inclusive
as in a standard text, but is a summary of the
knowledge and experience gained by several
clinicians dealing with a large group of patients
with gastric cancer.
CARDIAC RADIOLOGY. Edward F. Dunne. 256
pp. Illust. Lea & Febiger, Philadelphia; The
Macmillan Company of Canada Limited, Toron
to, 1967. $13.75.

“Cardiac Radiology” by Edward F. Dunne is
a long-awaited and valuable contribution to
radiology and cardiology. The radiographic
and fluoroscopic findings in acquired valve
disease and the common congenital abnormali
ties are comprehensively and concisely des
cribed, with pertinent catheterization and
operative findings. All radiographic points are
well illustrated.
Valve abnormalities are first described as
single lesions, followed by a thorough outline
of the commonly encountered, combined
lesions. The congenital abnormalities outlined
are: septal defects, patent ductus arteriosus,
pulmonary valvular stenosis, tetralogy of Fallot
and coarctation of the aorta. Each chapter
contains a summary of the highlights.
A brief review of normal anatomy and an
outline of the author’s method along with a
larger bibliography would have broadened
the appeal of this text. The book suffers
further from incomplete coverage of the field
of cardiac radiology, but nevertheless will be
of great value to anyone interested in heart
disease, and will be particularly useful to

radiologists and radiology residents interested
in this field.
CIRCULATION
OPERATION.
Illust. Charles
Ryerson Press,

DURING ANESTHESIA AND
Henry Locher Price. 119 pp.
C Thomas, Springfield, 111.; The
Toronto, 1967. $7.00.

This monograph is written by one of the fore
most American researchers in anesthesia whose
primary interest has long been the physiology
of circulation and the changes engendered by
anesthesia. Therefore, the reader may well
expect an outstanding presentation of the sub
ject, and will not be disappointed. As might
be expected of a writer of Dr. Price’s calibre,
the material is clearly presented and is well
substantiated by references. The value of this
book is enhanced because its contents relate
primarily to circulation in man.
This book is highly recommended to all
interested in the cardiovascular physiology of
man. Dr. Price and the school to which he
belongs have long advocated the superiority
of data obtained from well-controlled experi
ments in man (when such data can be ob
tained) rather than the application of data
from animal physiology to the human without
experimental confirmation.
CLIN ICAL SURGERY. Accident Surgery. Edited
by Charles Rob and Rodney Smith. 2.32 pp.
Illust. Butterworth & Co. (Publishers) Ltd., Lon
don; Butterworth & Co. (Canada) Ltd., Toronto.
1964. $15.75.

This volume is part of a 16-volume work en
titled “Clinical Surgery” . Each chapter in this
volume, “Accident Surgery” , is written by a
recognized authority in his field. However,
the book is unified by a well-organized format
common to each chapter, with a helpful system
of headings and subheadings. Each chapter is
supported by excellent lists of references and
provides an excellent summary of current
views from the literature.
The book begins with the organization of
accident services, defining the problems, in
cluding the deficiencies of existing services.
The outline of the requirements of an ideal
accident unit, while it reflects British experi
ence, is of universal application and should
be considered by all who are interested in the
organization of emergency departments.
The next chapters consider the physiology
and pathology of injuries, wounds and their
treatment, and current management of burns.
The coverage of these matters in a short space
is excellent and is very easy to assimilate.
Exception may be taken to advice recommend
ing prophylatic penicillin preoperatively in
grossly contaminated wounds, and the persist
ing use of equine antitetanus serum rather
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than human, but the surgical management is
above reproach.
The “ Management o f Multiple Injuries” , a
masterly outline by P. S. London, is extremely
valuable and contains a particularly good list
o f references. The final chapter, “Athletic and
Industrial Injuries” , provides a change of pace,
considering even tennis elbow and carpal tun
nel syndromes and other subjects not usually
considered in a short work on accident surgery.
This small volume presents well a surprising
amount o f material in a convenient form. It is
recommended for reading and reference to all
levels of medical interest.

CURARE. Symposium der Schweizerischen Akademie der Medizinischen Wissenschaften 24./25.
Juni 1966 in Zurich. 276 pp. Illust. Various con
tributors. Schwabe & Co. Verlag, Basel, Swit
zerland and Stuttgart, West Germany, 1967,
$7.50.

Ce livre se com pose d’une serie d’articles de
differents auteurs et d un symposium sur ce
sujet organise a Bale, Suisse. Ont participe a
ce symposium des anesthesistes d’experience
et de renutation internationale. Les articles
et les chapitres de ce volume traitent de
1’histoire de ce medicament, de sa chimie, de
sa pharmacologie et de son usage clinique. Sa
bibliographic abondante et sa haute teneur
scientifique en font un volume a consulter
pour tout ceux que l’anesthesie interesse:
resident, praticien, etudiant en medecine. Le
papier et 1’impression sont d’excellente qualite
et les illustrations sont tres bien faites. Meme
s’il n’y a rien de tout a fait nouveau dans le
volume, les opinions emises par les participants
au symposium sont ties precieuses pour ceux,
qui, au debut de leur carriere, cherchent des
renseignements sur l’usage du curare et veulent
connaitre les complications que pourrait entrainer l’usage inconsidere de l’une ou de
I’autre sorte de curare ou de l’usage, chez le
meme malade, des differentes sortes de curare.
Dans les bibliotheques des departements d’anesthesie ou l’on fait de l’enseignement, 1’eleve
devrait pouvoir consulter ce volume.

FROM ONE SURGEON’S HANDBOOK. Loyal
Davis. 145 pp. Charles C Thomas, Springfield,
111.; The Ryerson Press, Toronto, 1967. $7.00.

This book traces the author’s experiences and
observations in medical education and surgical
practice over a span of 50 years. Dr. Davis
describes his own undergraduate training, and
then gives an outline o f the current aims and
methods in medical education. The importance
o f teaching undergraduates that the diagnosis
and treatment of disease rest on the application
of basic principles is repeatedly stressed.
Dr. Davis then discusses the evolution of
techniques in postgraduate surgical training
over the past 50 years. He emphasizes that

Vol. 11

existing Boards of Surgery should not be
responsible for determining methods and
standards o f surgical training and that uni
versities should play a more dominant and
direct role in the postgraduate education of
young surgeons.
The author criticizes the “something for
nothing” attitude now prevalent in the United
States and its effects on the individual’s pur
suit o f the first rate. Chapters are devoted
to the ethics of surgical practice and to the
doctors’ responsibility to the hospital trinity.
Finally, the experiences and frustrations of
the civilian doctor suddenly exposed to military
life are recounted in the most amusing fashion.
“ From One Surgeon’s Handbook” is both
interesting and highly readable, especially for
those either engaged in or preparing for a
surgical career.
GRENZEN DES NORMALEN UND ANFANGE
DES PATHOLOGISCHEN IM ROENTGENBILD DES SKELETS. 11th ed. E. A. Zimmer.
640 pp. Illust. Intercontinental Medical Book
Corp., New York; Georg Thieme Verlag, Stutt
gart, West Germany, 1967. DM 134,00.
$36.45 (approx.).

This is the eleventh edition of an encyclopedic
review of the radiology o f the normal skeleton,
first published in 1910 b y Dr. Alban Koehler.
As the title indicates, the book deals mainly
with the transition between the normal state
and the beginning o f the pathological, as
demonstrated in radiographs of the skeleton.
The first chapter is a short, concise course on
the radiology o f the locom otor system. The
rest o f the chapters are assigned to anatomical
regions. In each chapter, special emphasis is
placed on the differentiation between early
pathological processes and physiological varia
tions. The specific difficulties encountered in
the interpretation o f radiographs during the
growth period are illustrated in detail. The
illustrations are excellent and include not only
reproductions o f radiographs but reproductions
of anatomical specimens and diagrammatic
drawings, thus correlating the radiographic
findings with the anatomy.
This is an outstanding book. It has been
translated into English, French, Italian and
Spanish. (The second English edition appeared
in 1961.) It is not a textbook to be read from
cover to cover but, rather, a sort o f encyclo
pedia to be used by all those who sometimes
may find it difficult to differentiate between
physiological variations and a pathological pro
cess when looking at a radiograph of the
human skeleton.
HAMILTON BAILEY’S DEMONSTRATIONS
OF PHYSICAL SIGNS IN CLINICAL SURG
ERY. 14th ed. Edited by Allan Clain. 627 pp.
Illust. John Wright & Sons Ltd., Bristol; The
Macmillan Company o f Canada Limited, Toron
to, 1967. $13.50.
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This edition, the fourteenth, was edited by Mr.
Allan Clain who was, for 15 years, associated
with the late Mr. Hamilton Bailey
This continues to be the outstanding text
book on physical signs in surgery and is amply
illustrated both in black and white and in
colour.
It is highly recommended for student, surgi
cal resident and surgeon.
KLINISCHE CHIRURGIE FUR DIE PRAXIS,
in vier Banden. Supplement and index. Edited
by O. Diebold, H. Junghanns and L. Zukschvverdt. 300 pp. Illust. Intercontinental M edi
cal Book Corp., New York; Georg Thieme Verlag, Stuttgart, West Germany, 1967. D M 74,00.
$20.10 (approx.).

The last volume of the five-volume handbook
on clinical surgery, is considerably shorter
than the previous one. According to the intro
duction, it was originally planned to have only
a very brief fifth volume with the index for
the previous four. However, it became ap
parent that there were some important omis
sions in the previous four volumes. Accord
ingly, a few chapters were added which, in
monogranh form, are supposed to fill the
gaps. It is interesting to note that the following
topics were not included in the original plans;
cold injury, hemorrhagic diathesis, stenosis of
arteries, a more extensive coverage of surgery
of the mouth, diseases of the thyroid glands,
and surgery of the abdominal wall. The topics
are well presented and well illustrated.
Originally, the diseases of the thyroid gland
were discussed by an endocrinologist, but it
was thought that this was not adequate and
that a separate surgical monograph should be
added. If the other four volumes are of the
same high calibre as this one, the work can
be recommended to any practising surgeon
who is reasonably fluent in the German lan
guage.
A MANUAL OF ABDOM INAL OPERATIONS.
R. M. Kirk. 208 pp. Illust. J. B. Lippincott Com 
pany, Philadelphia; J. B. Lippincott Company of
Canada Ltd., Toronto, 1967. $7.50.

This concise single-author volume deals with
the practical aspects of almost all of the com
monly performed abdominal operations. It
confines itself to the technical steps in ab
dominal procedures, and does not refer to
pre- or postoperative care. The author demon
strates how fundamental techniques and
principles may be applied to any abdominal
operation. Throughout the book, important
safety factors and check lists in each pro
cedure are stressed. The numerous illustrations
are clear and easily understood.
This readable book should be of particular
value to surgical residents in training.
MECHANICAL ARTIFICIAL VENTILATION. A
Manual for Students and Practitioners. Terring
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W . Heironimus, III. 102 pp. Illust. Charles C
Thomas, Springfield, 111.; The Ryerson Press,
Toronto, 1967. $7.00.

This is a poor account of the subject. It would
bewilder those to whom it is addressed be
cause it does not teach any underlying prin
ciples. There are oblique references to prin
ciples found among a mass of detail, much of
it irrelevant and distorted. The author has
found devious ways of saying very little; “The
general indications for artificial ventilation
exist in patients who cannot breathe ade
quately without assistance, and in those in
whom it can be anticipated that unassisted
ventilation for sustained periods of time will
be dangerous or life threatening.” He does not
answer the question, “ What are the indications
for artificial ventilation?” He gives lists of
conditions in which artificial ventilation may
be indicated but no guidance as to how to
make the decision.
The description of respiratory equipment is
not apt to encourage anyone to use it and,
fortunately perhaps, most of the machines
mentioned are obsolete.
In the section dealing with the care of a
patient on a ventilator, the monitoring of res
piratory parameters is not stressed, nor is the
logic of setting the machine to produce de
sirable values mentioned. In this respect,
Radford’s nomogram is obsolete.
The last section, on physiology, defines terms
that are not used (nor useful) and uses terms
that are not defined. There are so many er
rors in the book that misprints cannot be
differentiated from misstatements. There are
no reasons for recommending it.
THE M ED ICAL ANNUAL. A Year Book of Treat
ment and Practitioners’ Index. 85th issue. Ed
ited by Sir Ronald Bodley Scott and R. Milnes
Walker. 654 pp. Illust. John Wright & Sons
Ltd., Bristol; The Macmillan Company of Can
ada Limited, Toronto, 1967. $9.95.

This volume of 654 pages contains brief
papers on a wide variety of subjects including
four special articles and a review of the year’s
work. There is a section entitled “The Prac
titioners’ Index” in which are listed pharma
ceutical preparations, medical and surgical
instruments and appliances, etc. Books of the
year are listed according to subject and there
is a complete index for the entire volume.
The contributors to the “Medical Annual,
1967” are outstanding physicians and surgeons
of the United Kingdom and they have pre
sented, in a clear and concise fashion, recent
work and observations accompanied by perti
nent references to the literature.
NARKOSE. Eine Einfiihrung. Ludwig Stocker.
243 pp. Illust. Intercontinental M edical Book
Corp., New York; G eorg Thieme Verlag, Stutt
gart, West Germany, 1967. D M 9,00. $2.45
(approx.). Paperbound.
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This synopsis of modern anesthesia appears to
have been written for medical students and
general practitioners. It is a brief well-written
review of the presently used methods, begin
ning with premedication, the pharmacology of
the commonly used anesthetic agents and
muscle relaxants. It continues with descriptions
of the apparatus, including many diagrams,
description of various anesthetic techniques for
different surgical procedures, a chapter on
anesthesia in newborns and infants and ends
with the many additional areas which are
included in modern anesthesia such as acidbase balance, resuscitation, shock therapy, in
travenous therapy, treatment of tetanus and
poisoning, and a few remarks about local
anesthesia. This book does not provide enough
detail and probably is too dogmatic for the
trained anesthetist, but it can be recommended
for all other medical practitioners who desire
a brief review of the art and science of modern
anesthesia.
PRACTICAL
ANAESTHESIA FOR LUNG
SURGERY. Ruth Mansfield and Richard Jen
kins. 193 pp. Illust. Bailliere, Tindall & Cassell,
London; The Macmillan Company of Canada
Limited, Toronto, 1967. $9.00,

This book describes anesthesia for lung surgery
as practised at Brompton Hospital, England
and bears the imprint of that renowned insti
tution.
While the book contains little that is new
to the consultant in anesthesia, it is a valuable
introduction to the subject for the trainee or
for others who desire basic information. The
chapters on bronchopulmonary anatomy and
the physiology of breathing are a solid founda
tion on which more advanced reading can be
based. The chapters on the physiology of the
open thorax, control of secretions, the “stovein” chest and nhysiotherapy are all good. On
the other hand, the part of the book that deals
with the nharmacology of drugs is disappoint
ing. In 25 pages, the authors attempt to dis
cuss regional, inhalation and intravenous anes
thesia, all drugs used as adjuvants and
incidental therapeutic agents, with the result
that the information is so sketchy that it is of
no value. It would have been far better if
material that is common to many fields were
excluded from a book of this kind. The same
criticism applies to the three pages devoted
to the preparation for operation of patients
suffering from diabetes, asthma, myasthenia
gravis and other conditions.
On the whole this book is valuable, although
it advocates practices different from those
used by most North American anesthetists.
The outstanding example of these differences
is the emphasis on endobronchial blockers to
isolate portions of the lung.
PRECLINICAL CARCINOMA OF THE CERVIX
UTERI. Its Nature, Origin and Management.
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Malcolm Coppleson and Bevan Reid. 321 pp.
Illust. Pergamon Press Ltd., Oxford; Pergamon
of Canada Ltd., Toronto, 1967. $13.00.

This book by two Australians is a timely
addition to the literature of a controversial and
important subject. Rather than writing a con
ventional and comprehensive review of all
facets of the topic, they have chosen to devote
special attention to certain parts.
They advance the hypothesis that squamous
cell carcinoma of the cervix arises in zones of
atypical metaplasia of the cervical epithelium.
Studies of cervical epithelium by colposcopy,
angiography and autoradiography are de
scribed. In a beautifully illustrated chapter of
55 pages devoted to colposcopy, the authors
clearly attach a greater importance to this
examination than has generally been assigned
to it by workers in other English-speaking
countries. Their ideas on the role of meta
plasia are provocative, and their attempts to
study cell biology in the cervix are attractive
new approaches towards the understanding
of a fundamental process.
The second thesis in this book is a challenge
to the generally held views on the significance
and management of pre-clinical carcinoma
detected by conventional exfoliative cytology
and histological tissue examination. Their re
view of the available literature, which they
employ to support a generally conservative
policy in management, is incomplete and not
entirely convincing.
This book, although it will have a relatively
limited appeal, is a significant contribution to
the literature of the pathologist, oncologist and
gynecologist.
The cervix is a particularly favourable organ
for the study of pre-clinical cancer and the
general principles expounded in this book may
find application in the broader field of malig
nant disease.
RADIATION THERAPY OF TUMORS AND
DISEASES OF THE NERVOUS SYSTEM.
Jean Bouchard. 244 pp. Illust. Lea & Febiger,
Philadelphia; The Macmillan Company of Can
ada Limited, Toronto, 1966. $11.50.

This book is based on a 5 to 25-year follow-up
of 564 patients with primary brain tumours
who received an adequate course of irradia
tion. They were seen at the Montreal Neuro
logical Institute between 1939 and 1958. Dr.
Bouchard’s results will interest physicians and
surgeons concerned with the treatment of
brain tumours. He obtained a 30% five-year
survival rate in patients with intracranial
gliomas, a figure that rises to 40% when glio
blastomas are excluded. Patients with these
latter tumours had a 7% five-year survival rate.
Twenty-seven per cent of patients with medul
loblastomas were alive after five years, 8% after
20 years.
Dr. Bouchard advocates heavy doses, usually
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from 5000 to 6000 rads in a single course
spread over about 50 days. The treatment of
pituitary and spinal-canal tumours is dis
cussed in detail. Much well-selected material
is presented on the effects of irradiation on
neoplastic and normal tissues of the central
nervous system. Clear subheadings allow the
reader to find rapidly the section he is seeking.
The book is well indexed.
Irradiation and surgical treatment are dis
cussed in relation to the extensive experience
of the author. Clinicians will find the book
useful when planning the treatment of a
patient with a difficult problem such as a
metastatic tumour to the brain or an apparent
tumour recurrence following a remission in
duced by radiation therapy.
SURGICAL UROLOGY. A Handbook of Opera
tive Surgery. 3rd ed. R. H. Flocks and David
A. Culp. 510 pp. lllust. Year Book Medical
Publishers, Inc., Chicago, 1967. $13.75.

As is the general fault with most handbooks,
this volume attempts to cover too much with
too little detail. Although the authors ack
nowledge this in their preface, the sections
on anatomy and physiology are of such token
magnitude to be of no value. Two short pages
are devoted to the anatomy and physiology of
the kidney. These sections throughout the
book would be best omitted and the space
given to more detail on the surgical approaches
and technical detail which are, in general,
well done.
Although the format of the book follows
that of the second edition, several new areas
have been added and deserve comment. Renal
vascular surgery has been handled well, along
with a brief description of renal homotrans
plantation. The section on isolated bowel
segments in urologic surgery is well illustrated
and described in good detail. Other parts, not
new but handled well, are those on pyeloplasty, open prostatic surgery and urethral
operative procedures.
The authors could well have omitted the
sections on indications, complications and
postoperative care which, of necessity, are so
abbreviated that they will be valueless to the
majority of readers. The space so provided
might have allowed for the inclusion of such
important procedures as renal biopsy, auto
transplantation of the kidney and ureteroure
terostomy.
It is obvious that a complete discussion and
correlation of the anatomical, physiological
and surgical principles of urologv is impossible
within the confines o f this book. For this rea
son. the volume will be of little value to the
student or the teaching urologist. It does
illustrate well, the surgical approach and the
choice of operative procedures available and
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therefore is probably best suited as an aid for
the resident and practising urologist as well
as the general surgeon dealing with genito
urinary disease.
THE VESICO VAGIN AL FISTU LA. 2nd ed. J.
Chassar Moir. 196 pp. lllust. Bailliere, Tindall
and Cassell, London; The Macmillan Company
of Canada Limited, Toronto, 1967. $10.75.

This monograph is based on Professor Moir’s
treatment of more than 350 patients with
urinary and allied fistulas. The monograph
deals with all types of genitourinary fistulas.
The preoperative assessment, choice of opera
tion and operative technique, and postoperative
care of these problems are discussed in
meticulous detail, reflecting clearly the author’s
approach to patients with genitourinary fistula.
The same concern for detail explains the
author’s excellent results presented in the
final chapter of the book. The place of urinary
diversion in managing these problems is also
presented. This monograph represents an out
standing contribution to the annals of gyneco
logical surgery.
WASSER- UND ELE K TROLYTE-FIBEL. Diagnostik und Therapie des FlUssigkeitshaushaltes.
Bruno Truniger. 154 pp. lllust. Intercontinental
Medical Book Corp., New York; Georg Thieme
Verlag, Stuttgart, West Germany, 1987. D M
16,80. $4.60 (approx.). Paperbound.

As stated in the introduction, this book is
written for the surgeon, the anesthetist and
the internist for whom parenteral fluid therapy
is a cause for worry, and for the medical
student. In the first part, the physiology and
pathology of fluid therapy is outlined briefly,
also sodium and water metabolism, potassium
metabolism and acid-base balance. The second
chapter is devoted to a discussion of the
clinical signs and symptoms of water and
electrolyte disturbances as well as the value
of laboratory investigations. Fluid therapy in
general is outlined in the third chapter, and
the fourth and final chapter is devoted to a
brief discussion of special problems, such as
abnormal fluid losses, burns, shock, renal in
sufficiency, diabetic coma, cerebral edema, etc.
The author clearly does not accept the value
of commercially available balanced salt solu
tions. He advises a tailor-made mixture for
each patient prepared by adding various elec
trolytes to a solution of glucose in water. This
approach may appeal to those who like to
juggle milliequivalents, but it is doubtful that
this is the best approach for the inexperienced
for whom this book apparently has been
written. The medical student will find the
same information in his textbook of physiology
and clinical medicine.

During surgery...
how many functions
will your anaesthetic fill?

With Penthrane anaesthesia you
get a bonus of muscle relaxation,
analgesia, and cardiac stability.
Penthrane could be called an inhalation
muscle relaxant. Good reason. At surgi
cal levels Penthrane provides excellent
relaxation of the voluntary muscles. Use
ful relaxation is obtained without risk of
respiratory arrest. It accordingly reduces
the amount of supplemental relaxants
you will need.
Analgesia is prompt and profound. It
tends to persist far into recovery, parti
cularly after the longer procedures. Thus
it may markedly decrease the postanaes
thetic narcotics and analgesics your
patient needs.
With Penthrane there is a notably
stable cardiac function. Sinus rate and
rhythm are well-maintained through all
desirable degrees of anaesthesia. In fact,
pre-existing arrhythmias have sometimes
even temporarily disappeared during
Penthrane anaesthesia. Blood pressure is
reliably maintained, stabilizing quite well
when the chosen plane of anaesthesia is
achieved.

Penthrane offers other bonuses, too.
For example, freedom from explosion
hazard, economy of use, ease of adminis
tration. We invite you to talk to your
Abbott representative about it soon.

Indications:
For general anaesthesia; also analgesia in
labor; suitable in all types of surgery and
patients of all ages.
Availability:
In bottles of 125 ml. and 250 ml.
Precautions:
Use only conservative doses of epine
phrine, barbiturates, narcotics, tubocurarine, and trimethaphan camphorsulfonate. Suspected liver disease may rule out
halogenated agents such as Penthrane.
Guedel eye signs do not apply. Blood
pressure, respiratory depth, and muscular
relaxation are of most value in
estimating depth of anaesthesia.
F ull inform ation is available on request.

Penthrane
Methoxyflurane

•Tradem ork reg istered
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Books R eceived
Books are acknowledged as received, but
in some cases reviews will also be made
in later issues.
Acid Base Physiology in Medicine. A Self-In
struction Program. Robert W. Winters, Knud
Engel and Ralph B. Dell. Programmed by Richard
P. Berkson. 290 pp. Illust. The London Company
of Cleveland, Westlake, Ohio; Bach-Simpson
Limited, London, Ont., 1967. $3.85 (prepaid
orders only).
Assistierte Zirkulation. Mechanical Assistance of
the Circulation. Colloquium in Bad Neuenahr vom
15.-17. Juni 1987. Edited by F. Loogen, B. Bostroem, U. Gleichmann and H. Kreuzer, 180 pp.
Illust. Georg Thieme Verlag, Stuttgart, West
Germany; Intercontinental Medical Book Corp.,
New York, 1967. $8.75.
Cancer of the Stomach. A Clinical Guide for
Diagnosis and Treatment. John R. Kelsey, Jr. 72
pp. Illust. Charles C Thomas, Springfield, 111.;
The Ryerson Press, Toronto, 1987. $5.75.
Cardiac Radiology. Edward F. Dunne. 256 pp.
Illust. Lea & Febiger, Philadelphia; The Mac
millan Company of Canada Limited, Toronto,
1987. $13.75.
Circulation During Anesthesia and Operation.
Henry Locher Price. 119 pp. Illust. Charles C
Thomas, Springfield, 111.; The Ryerson Press, To
ronto, 1967. $7.00.
Clinical Hematology. 6th ed. Maxwell M. Wintrobe. 1287 pp. Illust. Lea & Febiger, Phila
delphia; The Macmillan Company of Canada
Limited, Toronto, 1967. $24.75.
Correlative Neuroanatomy & Functional Neuro
logy. 13th ed. Joseph G. Chusid and Joseph J.
McDonald. 432 pp. Illust. Lange Medical Publica
tions, Los Altos, Calif., 1967. $6.50. Paperbound.
Fatigue Fractures. A Clinical Study. James M.
Morris and Loren D. Blickenstaff. 217 pp. Illust.
Charles C Thomas, Springfield, 111.; The Ryerson
Press, Toronto, 1967. $18.50.
Garlock’s Surgery of the Alimentary Tract. John
H. Garlock. 494 pp. Illust. Appleton-CenturyCrofts, New York, 1967. $19.50.
Hamilton Bailey’s Demonstrations of Physical
Signs in Clinical Surgery. 14th ed. Edited by
Allan Claim 627 pp. Illust. John Wright & Sons
Ltd., Bristol; The Macmillan Company of Canada
Limited, Toronto, 1967. $13.50.
Hamilton Bailey’s Emergency
Edited by T. J. McNair. 1026
Wright and Sons Ltd., Bristol;
Company of Canada Limited,

Surgery. 8th ed
pp. Illust. John
The Macmillan
Toronto, 1967.

L a Maladie de Dupuytren. Dupuytren’s Con
tracture (in French and English). J. M. Bruner
and others. 135 pp. Illust. Expansion Scientifique
Franchise, Paris, 1966. 41F. $9.00 (approx.).
Paperbound.

Vol. 11

Oculomotor Imbalance in Binocular Vision and
Fixation Disparity. Kenneth N. Ogle, Theodore
G. Martens and John A. Dyer. 372 pp. Illust. Lea
& Febiger, Philadelphia; The Macmillan Company
of Canada Limited, Toronto, 1967. $18.00.
Le Pancreatites.
et Therapeutique.
Murat. 252 pp.
Frangaise, Paris,
Paperbound.

Etude Clinique, Experimentale
Thomas T. White and Jean E.
Illust. Expansion Scientifique
1967. 53F. $11.70 (approx.).

Plastics in Surgery. Bernard Bloch and Garth
W. Hastings. 187 pp. Charles C Thomas, Springfield, 111.; The Ryerson Press, Toronto, 1967.
$13.00.
Practical Anaesthesia for Lung Surgery. Ruth
Mansfield and Richard Jenkins. 193 pp. Illust.
Bailliere, Tindall & Cassell, London; The Mac
millan Company of Canada Limited, Toronto
1967. $9.00.
Preclinical Carcinoma of the
Nature, Origin and Management.
son and Bevan Reid. 321 pp.
Press Ltd., Oxford; Pergamon
Toronto, 1967. $13.00.

Cervix Uteri. Its
Malcolm CoppleIllust. Pergamon
of Canada Ltd.,

Surgical Urology. A Handbook of Operative
Surgery. 3rd ed. R. H. Flocks and David A. Culp.
510 pp. Illust. Year Book Medical Publishers,
Inc., Chicago, 1967. $13.75.
Synovectomy and Arthroplasty in Rheumatoid
Arthritis. 2nd International Symposium January
27th-29th, 1987 in Basle, Switzerland. Edited bv
G. Chapchal. 131 pp. Illust. Intercontinental
Medical Book Corp., New York; Georg Thieme
Verlag, Stuttgart, West Germany. 1967. DM 38 00. $10.35 (approx.). Paperbound.

CORRELATIVE NEUROANATOMY & FUNC
TIONAL NEUROLOGY. 13th ed. Joseph G.
Chusid and Joseph J. McDonald. 432 pp. Illust.
Lange Medical Publications, Los Altos, Calif.,
1967. $6.50. Paperbound.

This comprehensive summary of the neurolo
gical sciences has run to its thirteenth edition
since 1938 in a successful endeavour to keep
up to date with new knowledge, techniques
and treatments in this ever-expanding field.
It remains the best comprehensive summary
for the student and general practitioner, and is
undoubtedly the best value for its price in
medical books today.
The thirteenth edition includes a new chap
ter on neurophthalmology, as well as recent
advances in cerebral circulation, cerebral
metabolism, synaptic transmission, and a muchenlarged list of selected references. These are
but a few of the additions that will keep the
leader abreast of the times. However, these
additions have necessitated an increase in size
by 50 pages. If it is to maintain its aDDeal and
usefulness in the future, some of the old
material will have to be discarded to avoid a
steady increase in size.
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RADIOGRAPHIC VISUALIZATION
OF LYMPH NODES
Most of the information on the appear
ance of lymph nodes concerns the systems
that drain the lower extremity. The evi
dence that lymphangiography can be ex
pected to demonstrate all of the retro
peritoneal lymph nodes has been indirectly
obtained from surgical and autopsy studies.
Lymph nodes removed at lymphadenectomy are invariably fewer in number than
would be expected from the appearance of
the lymphangiogram. Busch, Sayegh and
Chenault, who performed testicular lym
phangiography 24 hours after lower-ex
tremity lymphangiography, found that not
all the lymph nodes that form the retro
peritoneal drainage of the testicle were
visualized by the lower-extremity injection.
Pomerantz and Kiser performed a similar
study and concluded that all the nodes are
visualized by either testicular or lowerextremity lymphangiography. Koehler,
Wohl and Schaffer sent questionnaires
to individuals and institutions with re
ported experience in lymphangiography in
order to determine the general usefulness
of the procedure. To the question, “What
is the number of lymph nodes you believe
can be opacified?”, only 4 of 29 who
responded believed that all the nodes in
the retroperitoneal area can be opacified,
and only 2 of 29 felt that all the nodes in
the pelvis can be opacified. This matter is
seldom crucial in the routine diagnostic ap
plications of lymphangiography, but it re
mains a major concern to the advocates of
endolymphatic therapy.
Lymph nodes totally replaced by neo
plastic or granulation tissue will not be
opacified; however, careful interpretation
of the radiographic appearance of the af
ferent lymphatics allows recognition of the
abnormality. Lymph nodes that contain
microscopic areas of neoplasm will not be
detected by either the appearance of the
lymph node or the adjacent lymphatic
vessels.
Gross deposits of metastatic carcinoma
will be visible as punched-out central or
peripheral radiolucent filling defects in the
otherwise normal-appearing reticular pat
tern. Enlargement need not necessarily ac
company this pattern of radiolucent de
fects. In their tomographic study of ab
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normal lymph nodes, De Roo, Thomas and
Krophaller described the early abnormali
ties in metastatic carcinoma. Initially, there
is interruption of the marginal sinus, and
there is a blurred boundary between the
normal reticular areas and the radiolucent
metastatic carcinoma. As this replacement
progresses, there may be some enlargement
of the node in association with progressive
radiolucency. The end point of total re
placement results in failure to visualize the
involved lymph node. Such a spectrum of
change in appearance from microscopic in
volvement to total replacement accounts
for the uncertainty of interpretation of
lymph nodes in patients with cancer. In the
questionnaire referred to previously, 25 of
26 who replied indicated that a negative
lymphangiogram did not exclude the pres
ence of carcinoma, whereas 16 of 24 stated
that a negative lymphangiogram in patients
with malignant lymphoma excluded the
possibility of involvement in the visualized
lymph nodes. All those responding stated
that a focus of tumour 5 mm. or less cannot
be detected by this procedure.
As mentioned above, the most reliable
interpretation of opacified lymph nodes is
in primary diseases of lymph nodes, speci
fically the malignant lymphomas. The
lymph nodes in lymphoma are typically
enlarged and the normal fine reticular pat
tern is replaced by a coarse granular or
foamy pattern. Filling defects may be
present. Unlike carcinomatous replacement,
the borders are usually intact. Some au
thors claim distinguishing features for each
of the histologic types of lymphoma.
Greening and Wallace point out that in
Hodgkin’s granuloma there is a greater
tendency to a punched-out appearance of
the node than in lymphosarcoma. The re
liability of this subclassification of lym
phoma is not generally accepted. Only 9
of 25 respondents in the questionnaire pre
pared by Koehler, Wohl and Schaffer
stated that they could distinguish the vari
ous types of lymphoma from the appear
ance of the lymphangiogram. This question
is not, however, crucial in most instances,
particularly in view of the importance of a
tissue diagnosis to intelligent treatment.—
O’Brien, P. H. et al: Lymphangiography,
Surg. Gijnec. Obstet., 126: 131, 1968.
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Clinically confirm ed success
in unresponsive sh o ck

:1

“ This patient developed a small bowel
fistula and shock a few days following
intestinal surgery. L-norepinephrine
in increasing concentrations failed to
resuscitate the patient and she was
then given 2 Gm. of hydrocortisone in
a single dose followed by 5 liters of
plasma. A blood culture taken during
the initial shock subsequently grew
out Pseudomonas. The patient recov
ered after a prolonged period of de
pendent drainage on a Foster frame.” 1
(See blood pressure chart below)
“ With this combination of fluids to re
store losses, and corticosteroids to
correct disturbances in the hemody

namics of the peripheral circulation,
most patients are resuscitated from
their shock.” 1
and now ... Solu-Cortef is available in
a convenient new “ pharmacologic
dose” size —
1 Gm. Mix-O-Vial
to facilitate rapid administration of
pharmacologic doses in unresponsive
shock.
This new “ pharmacologic dose” size
also means greater economy.
1. Lillehei, R.C., et al.: Ann. Surg., 160:682-710 (Oct.)
1964.
2. Thai, A.P., and Wilson, R.F.: Current Problems in
Surgery, 46 (Sept.) 1965.
3. Sambhi. M.P., et al.: Internatl. Anesthesiol. Clin.,
2:421-423 (Feb.) 1964.

Solu-Cortef gi ve e n o u g h . . . so on e n o u g h
E. s. $ 60 kg.
B.P. in
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NOTICES
NORTHWEST SOCIETY OF
PLASTIC SURGEONS
The annual meeting of the Northwest
Society of Plastic Surgeons will be held on
May 23-25, 1968 at the Capri Hotel in
Kelowna, British Columbia. Officers of
the Society are: C. G. Pow, President;
Matthew A. Pilling, President-Elect; E. J.
Badre, Vice President; Dan N. Steffanoff,
Member-at-Large and John R. Alger, Sec
retary-Treasurer.

Available in Mix-O-Vials containing: Hydrocortisone
(as hydrocortisone sodium succinate) . . . 100 mg., 250
mg., 500 mg. and the new 1 Gm. size

Dosage: Adults — In medical emergencies
such as severe sensitivity reactions and as
piration pneumonitis the initial dose is 100
to 500 mg., depending on the severity of the
condition, administered intravenously over
a period of at least thirty seconds. This dose
may be repeated at intervals of one, three,
six and ten hours, as indicated by the pa
tient’s response and clinical condition.
In the critically ill, particularly in elderly
patients with shock due to endotoxins or
overwhelming infection, it has been rec
ommended that a dose of 1 gram or more
be administered intravenously, immediately,
followed by a dose of 500 mg. every 4 to 8
hours for three to five days if necessary.1-3
Solu-Cortef may also be administered intra
muscularly or by intravenous infusion. In
fants and Children — While the dose may be
reduced for infants and children, it is gov
erned more by the severity of the condition
and response of the patient than by age or
body weight.
Cautions: The general precautions and con
traindications to systemic corticosteroid
therapy apply to the use of Solu-Cortef.
However, when used for medical emergen
cies, or in shock-like states, the possible life
saving effects must be weighed against the
possible undesired hormonal effects. De
tailed information available on request.
MEMBER
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UNIVERSITY OF MIAMI SCH O O L
OF M ED ICIN E
The Annual Workshop in Rehabilitation
of Head and Neck Cancer Patients and
including the Thirteenth Postgraduate
Course in Esophageal Speech will be pre
sented by the University of Miami School
of Medicine, Division of Otolaryngology
during the week August 26-30, 1968.
The registration fee is $50.00. All meetings
will be held at the Key Biscayne Hotel.
For further information please write to:
Dr. Nathaniel M. Levin, Director, Post
graduate Course, P.O. Box 875, Biscayne
Annex, Miami, Florida.

UNIVERSITY OF T O R O N T O
Faculty of Medicine
DIVISION OF POSTGRADUATE
MEDICAL EDUCATION
ADVANCED GRADUATE COURSES
July 15 - August 16, 1968
FEE - $225.00
The A d v a n c e d G ra d u a te C ourses in M e d ic in e ,
S u rg e ry a n d
O bstetrics a n d G y n a e c o lo g y
h a v e been o ffe r e d a n n u a lly since 1946. They
a re d esigned to provid e a d v a n c e d in s tru c tio n
to g ra d u a te s in m edicine in th e su bje cts
n o te d . In s tru c tio n includes lectures in A n a 
to m y , P a th o lo g y , P a th o lo g ic a l C h e m is try a n d
subjects o f g e n e ra l in te re s t as w e ll as th o se
o f p a rtic u la r in te re s t to th e s p e c ia ltie s c o n 
cerned.
For fu r th e r in fo rm a tio n w r ite :

The Director,
Division of Postgraduate Medical Education,

Registered Trademark: Solu-Cortef
Trademark: Mix-O-Vial
UPJOHN COMPANY OF CANADA
Upjohn THE
DON MILLS, ONTARIO
6710 CE 4767.1

Faculty of Medicine,
174 St. George St., Toronto 5, Ontario.
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Breakthrough
in the control
of pain

To
1
will
pentazocine
b ra n d o f

.

^

(as lactate)

New, non-narcotic
analgesic in the
morphine range.
Controls pain
of all degrees
without narcotic hazard.

